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ABSTRACT 

The  moon is planned t o  b e  used a s  a mining base. A s  a p a r t  t o  
s h u t t l e  mined materials, mining equipment and base p e r s o n e l  
between t h e  earth and t h e  moon, a t r a n s p o r t  sys tem between t h e  
l u n a r  s u r f a c e  and l u n a r  o r b i t  must be developed. 

The Lunar Cargo T r a n s p o r t  Veh ic l e  (LCTV) must cornply w i t h  s o m e  
performance o b j e c t i v e s .  The  LCTV must be able t o  reach l u n a r  
o rb i t  w i t h  a payload of &S,OOO lbs (2948.4 kg) w h i l e  minimizing 
t h e  f u e l  consumption. While i n  o r b i t ,  t h e  LCTV must rendezvous  
w i t h  t h e  O r b i t a l  T r a n s p o r t  V e h i c l e  (OTV), w i t h  min imal  docking 
maneuvers by t h e ' O T V .  The LCTV's c a p a c i t y  s h o u l d  also i n c l u d e  
m i s s i o n s  between d i f f e r e n t  l o c a t i o n s  on t h e  moon. The  L C W  must 
perform a l l  of t h e s e  f u n c t i o n s  w h i l e  be ing  a u t o m a t i c a l l y  
c o n t r o l e d .  

There  are s o m e  c o n s t r a i n t s  t h a t  l i m i t  t h e  d e s i g n  of t h e  LCTV. 
The c a r g o  shou ld  n o t  e x c  ed s p a c e  s h u t t l e  c a p a c i t y .  T h e  amount 
of s e r v i c e  t i m e  between m i s s i o n s  shou ld  be  minimized. Because of 
t i m e  res t ic t ions on t h i s  p r o j e c t ,  t h e  u s e  of e x i s t i n g  t echno logy  
is impor t an t .  F i n a l y ,  t h e  l a n d i n g  area must be  a f l a t ,  stable 
area w i t h  minimal d u s t  t h i c k n e s s  and a t  least o n e  s q u a r e  acre. 
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STRUCTURES FOR THE LCTV 

INTRODUCTION 

The miss ion  of t h e  Lunar Cargo T r a n s f e r  V e h i c l e  (LCTV) is t o  
t r a n s p o r t  a maximum of 63,000 l b s .  m a s s  of c a r g o  i n t o  l u n a r  o r b i t  
from t h e  l u n a r  s u r f a c e  and t h e n  t o  t r a n s f e r  an  equa l  amount f r o m  
o r b i t  back down t o  t h e  l u n a r  s u r f a c e .  The s t r u c t u r e  is t h e  
p o r t i o n  of t h e  v e h i c l e  which s u p p o r t s  a l l  of t h e  sys t ems  which 
a l l o w  t h a t  v e h i c l e  t a  carry o u t  t h a t  mission.  The s t r u c t u r e  is 
broken down i n t o  t h e  f o l l o w i n g  groups: 
1. Engine mounting deck. 
2. Main s t r u c t u r a l  s u p p o r t s  and d u s t  and d e b r i s  s h i e l d .  
3. Fuel t a n k  deck, 
4. Cargo deck s t r u c t u r e .  

ENGINE MOUNTING DECK 

According t o  t h e  p r o p u l s i o n  e n g i n e e r ,  o n l y  one p l a n e  of ro ta t ion  
w a s  n e c e s s a r y  f o r  t h e  e n g i n e  gimble mechanisms, The re fo re ,  
dec ided  t o  u s e  a r a t h e r  s t a n d a r d  p i n  and s o c k e t  t y p e  g imbl ing  
mechanism. The mechanism is made of s t a i n l e s s  steel and t h e  
s o c k e t  is c o a t e d  w i t h  t e f l o n  for f r i c t i o n  r e d u c t i o n ,  

The main e n g i n e  mounting deck w i l l  b e  machined from 7075 aluminum 
and w i l l  i n c l u d e  machined r i b s  l o c a t e d  t o  d i s t r i b u t e  stresses 
th roughou t  t h e  15 f t .  by 15 f t .  (4.57 m. by 4.57 m. 1 area (see 
f i g .  1-001). Fla t  areas w i l l  b e  lef t  for t h e  g imbl ing  mechanisms 
t o  f a s t e n  t o  and t h e  t o p  w i l l  have  f l a t  areas t o  accomodate t h e  
n e x t  s t u c t u r a l  l e v e l .  Hydrau l i c  c y l i n d e r s  w i l l  b e  a t t a c h e d  on 
bo th  s i d e s  of each  e n g i n e  and t o  t h e  main e n g i n e  deck t o  p r o v i d e  
g imbl ing  a c t i o n  of t h e  eng ines .  

MAIN SUPPORTS AND DEBRIS SHIELD 

Several d i f f e r e n t  t y p e s  o+ main s t r u c t u r e  w e r e  i n v e s t i g a t e d .  A 
system of I or T s t r u c t u r a l  shaped beams w a s  t e s t e d .  I n  t h e  
des ign ,  t h e  r e l a t i o n s h i p  between t h e  a n g l e  of t h e  beams a s c e n t  t o  
h i g h e r  d e c k s  and t h e  r e s u l t i n g  beam l o a d s  r e s u l t e d  i n  many 
i t e r a t i o n s .  A s a t i s f a c t o r y  d e s i g n  was n o t  a r r i v e d  upon. The 
r e s u l t s  w e r e  e i t h e r  too weight  i n e f f i c i e n t ,  ,too v o l u m e t r i c a l l y  
i n e f f  i c i e n t ,  or both.  

Considered a system of t r u s s e s .  The problems encountered  wi th  a 
t r u s s  network i n c l u d e  t h e  l a r g e  amount of f a s t e n e r s  needed 
(adding  weight )  and t h e  compl i ca t ed  j o i n t s  t h a t  resu l t .  Welded 
j o i n t s  would appear  t o  offer a s o l u t i o n ,  however, h igh  q u a l i t y  
a i r c r a f t  aluminum h a s  l o w  weld r e l i a b i l i t y  and w e i g h t  p e n a l t i e s  
can e n s u e  aga in .  

F i n a l l y  a r r i v e d  on a sys tem of l a r g e  machined panels .  Using a 
f i n i t e  e l e m e n t  a n a l y s i s  package, a panel  e x h i b i t i n g  maximum 
r e s i s t a n c e  t o  stress and minimum m a s s  c o u l d  b e  designed.  T h e s e  
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p a n e l s  w e r e  machined o u t  of 7075 aluminum. Developed a panel  
c o n f i g u r a t i o n  t h a t  t r a n s f e r s  a l l  of t h e  moments th rough t h e  
c e n t e r  of g r a v i t y  of t h e  s h i p  (see f i g .  1-101 t h r u  1-104). I t  is 
also l a y e d  o u t  i n  such  a way as to a l l o w  t h e  pane l  t h i c k n e s s e s  t o  
v a r y  depending on the r e s u l t s  of t h e  f i n i t e  e lement  a n a l y s i s  
w i thou t  c a u s i n g  i n t e r e f e r e n c e  t o  in t roduced .  These p a n e l s  
d i s t r i b u t e  t h e  f o r c e  f r o m  t h e  main e n g i n e  mountinQ deck t o  60 f t .  
by 35 f t .  (18.29 m. by 10.67 m.) upper  decks.  I-beams w e r e  added 
around t h e  p e r i m e t e r  of t h e  pane l  c o n f i g u r a t i o n  and f o u r  I-beams 

i n t e r v a l s .  The re  w a s  n o  beam added i n  t h e  c e n t e r  p o s i t i o n  as a 
s t r u c t u r a l  pane l  already carries t h a t  load .  These beams w e r e  
added t o  h e l p  d i s t r i b u t e  t h e  load  of t h e  f u e l  t a n k s  on t h e  n e x t  
deck. The main suppctrt p a n e l s  are notched  t o  s e c u r e  t h e s e  
I-beams f l u s h  wi th  t h e  rest o$ t h e  s t ruc tu ra l  p a n e l s  t o p  
surf ace. 

w e r e  p l a c e d  across t h e  wid th  of t h e  5 h i p  a t  10 f t .  (3.05 m.) ._ 

Fas tened  t o  t h e  t o p  s u r f a c e  of t h e  main s u p p o r t  p a n e l s  is a 112 
i n .  (12.7 mm.) t h i c k  aluminum p l a t e .  The pu rpose  of t h i s  p l a t e  
is t o  p r o t e c t  t h e  n e x t  deck f r o m  f l y i n g  d u s t  and d e b r i s  t h a t  w i l l  
r e s u l t  from t a k e o f f  and l a n d i n g  t h r u s t .  

5 



FUEL TANK DECK 

There  are t h r e e  f u e l  t a n k s .  Two l i q u i d  hydrogen (LH21tanks and 
o n e  l i q u i d  oxygen (LO21 t ank .  The hydrogen t a n k s  are 11 f t .  
(3.35 m.) i n  D i a .  and 56.30 ft.  (17.16 m.) long. The oxygen t a n k  
is 9.00 f t .  (2.74 m.) i n  D i a .  and 51.70 f t .  (15.76 m.) long. The 
t a n k s  are o r i e n t e d  l e n g t h w i s e  and p a r a l l e l  t o  one ano the r .  The 
t w o  hydrogen t a n k s  are p l a c e d  on t h e  out s i d e  of t h e  t a n k  deck. 
T h i s  is done so t h a t  a s  t h e  hydrogen is used up f a s t e r  t h a n  t h e  
oxygen, t h e  c e n t e r  of g r a v i t y  of t h e  s h i p  remains  t h e  s a m e .  The 
sum of t h e  d i a m e t e r s  of: t h e  t a n k s  is 31.00 f t .  (9.45 m.1. The 
t a n k  deck is 33.00 f t .  (10.67 m.) wide. There-fore, t h e  t a n k 5  are 
p o s i t i o n e d  w i t h  a 1 f t .  (-30 m.1 gap  between t h e  (W21 and (LO21 
and a 1 f t .  (-30 m. ) gap between t h e  (u.12) and t h e  edge  of t h e  
s h i p .  

The t h r e e  f u e l  t a n k s  w i l l  b e  mounted t o  t h e  t h e  main s t r u c u r a l  
s u p p o r t s  th rough t h e  aluminum d e b r i s  p l a t e .  The mounts t h a t  
a t t a c h  t o  t h e  f u e l  t a n k s  are d i s c u s s e d  i n  t h e  fue l  t a n k  s e c t i o n  
of t h e  r e p o r t .  The e x t r a  s p a c e  between t h e  f u e l  t a n k s  w i l l  b e  
used t o  house  t h e  p i p i n g  and pumps needed t o  s u p p l y  t h e  e n g i n e s  
wi th  f u e l .  The s p a c e  w i l l  also b e  used t o  house  t h e  c e n t r a l  
e l e c t r o n i c  c o n t r o l  systems. In  t h i s  l o c a t i o n  t h e  system w i l l  b e  
p r o t e c t e d  f r o m  solar r a d i a t i o n ,  d u s t  and d e b r i s ,  and w i l l  b e  ' 

cooled  by t h e  l i q u i d  f u e l  t anks .  These s y s t e m s  o p e r a t e  a t  peak 
e f f i c i e n c y  when c o l d ,  They w i l l  also b e  l o c a t e d  i n  a way t o  
a l l o w  them t o  b e  e a s i l y  a c c e s s e d  f o r  r e p a i r s .  

The s t r u c t u r e  t o  s u p p o r t  t h e  n e x t  deck w i l l  c o n s i s t  of machined 
7075 aluminum p a n e l s  t h a t  rise ve r t i ca l ly  around t h e  p e r i m e t e r  of 
t h e  s h i p  and i n  t h e  two g a p s  between t h e  t a n k s  (see f i g .  1-201 
t h rough  1-2031. F i v e  I-beams w i l l  r u n  across t h e  wid th  of t h e  
s h i p  a t  10 f t .  (3.05 m.) i n t e r v a l s  and w i l l  f i t  i n t o  n o t c h e s  i n  
t h e  p a n e l s  fo r  a f l u s h  t o p  surface. 4 112 i n .  (12.7 mm.) t h i c k  
aluminum p l a t e  w i l l  b e  added t o  t h e  t o p  e% t h i s  surface t o  
p r o t e c t  t h e  l o w e r  deck from contamination. The re  w i l l  b e  d o o r s  
added i n  key locations for access. T h i s  w i l l  b e  t h e  surface of 
t h e  cargo deck. 

CARGO DECK 

On t h e  c a r g o  deck w i l l  rest t h e  cargo p a l l e t .  Any c a r g o  t o  b e  
t r a n s p o r t e d  w i l l  b e  f i x e d  t o  t h i s  p a l l e t .  The main concern  of 
t h i s  deck is t h a t  of a t t a c h i n g  t h e  p a l l e t  t o  t h e  s h i p .  The 
maximum m a s s  of t h e  c a r g o  and p a l l e t  is 45,000 lbm. (29,483.5 
kg.). The p a l l e t  w i l l  be lowered- o n t o  t h e  s h i p  by a - c r a n e  which 
is assumed t o  b e  p a r t  of: t h e  l u n a r  b a s e  equipment. 

Two pyramid shaped c o n e s  w i l l  p r o t r u d e  f r o m  t h e  cargo deck a t  
e i t h e r  end of t h e  s h i p t s e e  f i g .  1-301)- These pyramids w i l l  m a t e  
wi th  t w o  f ema le  pyramidal  c o n e s  on t h e  bottom of t h e  p a l l e t .  
These c o n e s  w i l l  a l l o w  t h e  p a l l e t  t o  b e  a l i g n e d  p r o p e r l y  as it  is 
lowered o n t o  t h e  sh ip .  The p a l l e t  w i l l  t h e n  b e  locked  i n t o  
p o s i t i o n  by s i x  h y d r a u l i c  l i n e a r  a c t u a t o r s .  The c y l i n d e r s  w i l l  
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c) t h e  beams of t h e  f u e l  tank deck with t h r e e  on each 
s i d e  be m'un ,,+P allet.  

er 04 t h e  cargo deck w i l l  b e  used t o ' h o u s e  t h e  var ious  The re,, 
. power i ,  hydraul i c  pump5, electric motors, and c o n t r o l  rocket 
tanks ad to  cuntro l  and power the  ships s y s t e m s .  These 
systemEl b e  s h i e l d e d  as n e c e s s a r y  to  protect them f r o m  solar 
'adi at and e x t e r n a l  impact. 
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SPACECRAFT PROPULSION AND POWER SYSTEMS 

Mission r e q u i r e m e n t s  f o r  t h e  Lunar Cargo T r a n s p o r t  V e h i c l e  (LCTV) 
r e q u i r e  a propul  si on sys tem t h a t  can  p l a c e  t h e  s p e c i f i e d  pay1 oad 
i n  a l u n a r  o r b i t  and and a l l o w  t h e  s p a c e c r a f t  t o  rendevouz w i t h  
t h e  O r b i t a l  T r a n s f e r  V e h i c l e  (OTV) . A d d i t i o n a l l y ,  t h e  
t r a n s p o r t e r  must b e  a b l e  t o  r e t u r n  t o  its o r i g i n a l  l aunch  p o i n t .  
T h i s  e n g i n e  system m u s t  also a l l o w  m u l t i p l e ,  r a p i d  t u r n  around 
f l i g h t s .  F i n a l l y ,  d e s i g n  and economic c o n s i d e r a t i o n s  stress t h e  
u s e  of f u e l  sys tem a g e n t s  t h a t  can b e  o b t a i n e d  on t h e  l u n a r  
s u r f  ace. 

Main Propuf si on System (MPS) 

A su rvey  of a l l  e x i s t i n g  t echno logy  l e a d s  t o  s e v e r a l  b a s i c  f o r m s  
of p ropu l s ion .  The m o s t  p romis ing  methods are n u c l e a r  r o c k e t s ,  
t h e r m o e l e c t r i c  rockets,  and l i q u i d  chemical  rockets. C83 A l l  
t h e s e  p r o p u l s i o n  sys t ems  have  t h e i r  p o s i t i v e  and n e g a t i v e  p o i n t s .  
The n u c l e a r  r o c k e t  p r o v i d e s  good t h r u s t  c h a r a c t e r i s t i c s ,  l o w  f u e l  
consumption, and t h e  r e q u i s i t e  acceleration a b i l i t i e s .  The 
n u c l e a r  sytem is n o t  deemed p r a c t i c a l ,  though,  due  t o  r a d i a t i o n  
problems and t h e  ex t r eme ly  compl ica ted  c o n t r o l  sys tem t h a t  d o e s  
n o t  i n t e g r a t e  w e l l  w i t h  t h e  LCTV's proposed c o n t r o l  system. The 
t h e r m o e l e c t r i c  r o c k e t ,  also known as t h e  i o n  r o c k e t  or t h e  MPD 
t h r u s t e r ,  h a s  low f u e l  consumption and long sys tem l i f e .  
U n f o r t u n a t e l y  t h i s  r o c k e t  d o e s  n o t  p r o v i d e  h igh  enough 
a c c e l e r a t i o n  or t h r u s t  level  t o  b e  used t o  b o o s t  a s p a c e c r a f t  o f f  
t h e  l u n a r  s u r f a c e .  Many of t h e  p r a c t i c a l  f u e l s ,  such  as mercury 
and cesium, are ex t r eme ly  t o x i c ,  also. 

The f i n a l  f o r m  o-f p r o p u l s i o n  under  examinat ion ,  t h e  l i q u i d  
chemical  rocket,  is deemed t h e  m o s t  p r a c t i c a l  and u s e a b l e  system. 
The chemical  rocket can  p r o v i d e  h i g h  t h r u s t  and a c c e l e r a t i o n  
l e v e l s ,  r e s t a r t a b i  l t y ,  proven control systems, and d e c a d e s  of 
proven u s e f u l l n e s s  i n  s p a c e  a p p l i c a t i o n s .  P r i m a r i l y ,  t h e  
problems e x i s t  i n  areas of h i g h  f u e l  consumption and e x p l o s i v e  
f u e l  mix tures .  I t  is f e l t  t h a t  t h e  p o s i t i v e  a s p e c t s  of t h i s  
system f a r  o u t  weigh t h e  n e g a t i v e s .  A d d i t i o n a l l y ,  it is f e l t  
t h a t  t h e  e x i s t e n c e  of several l i q u i d  r o c k e t  m a n u f a c t u r e r s  and t h e  
dep th  of t h e  a s s o c i a t e d  r o c k e t  t echno logy  w i l l  p r o v i d e  good 
economic and s a f e t y  b e n e f i t s .  

A t  t h e  p r e s e n t  t i m e ,  o n l y  one  e n g i n e  is b e i n g  manufactered and 
used t h a t  f a l l s  i n  t h e  r e q u i r e d  t h r u s t  r a n g e  and a l l o w s  
mu l t imi s s ion  use.  T h i s  eng ine ,  t h e  RL10A-3-3A, is used i n  t h e  
Space  S h u t t l e  upper stage c r y o g e n i c  sytem. Under development for 
t h e  Space  S h u t t l e  program by P r a t t  & Whitney Mrcraft D i v i s i o n  is 
t h e  "Advanced Expander Cyc le  Engine". C43 T h i s  e n g i n e  is 
proposed t o  b e  used i n  t h e  Space S h u t t l e  and an E a r t h  o r b i t a l  
v e h i c l e .  Both t h e s e  e n g i n e s  p r o v i d e  t h r u s t  l eve l s  i n  t h e  15,000 
l b f .  (66,750 N) range. 
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The LCTV F l i g h t  S i m u l a t i o n  Computer Program w a s  used t o  examine 
a p p l i c a t i o n  of v a r i o u s  a r r angemen t s  of t h e s e  t w o  e n g i n e s  t y p e s  t o  
b e  used as t h e  p r o p u l s i v e  sys tem of t h e  LCTV (see t h e  Computer 
Usage s e c t i o n ) .  Arrangements of over f o u r  e n g i n e s  w e r e  r u l e d  o u t  
due to dynamic and c o n t r o l  d i f f i c u l t i e s .  When s i m u l a t e d  wi th  

, f o u r  or less eng ines ,  t h e  LCTV cou ld  n o t  r e a c h  o r b i t a l  v e l o c i t i e s  
and r e t u r n  t o  t h e  s u r f a c e  wi th  realistic burn t i m e s  or f u e l  
consumption l e v e l s .  T h i s  mandates t h a t  a new e n g i n e  must b e  
developed t o  power t h e  s p a c e c r a f t .  .. 

Again, t h e  s i m u l a t o r  w a s  used t o  d e t e r m i n e  t h e  p rope r  e n g i n e  
t h r u s t  level u s i n g  t h e o r e t i c a l  f u e l  consumption levels. F i n a l  
a n a l y s i s  of t h e  s p a c e c r a f t  sys tem r e s u l t e d  i n  t h e  c h o i c e  of f o u r  

. 30,000 l b f .  (133,500 N) e n g i n e s  based on t h e  Advanced Expander 
Cycle  Engine technology.  I t  shou ld  b e  no ted  t h a t  a pr imary  
c o n s i d e r a t i o n  i n  f i n a l  e n g i n e  s i z i n g  w a s  g i v i n g  t h e  LCTV t h e  
a b i l i t y  t o  f l y  under a m u l t i p l e  e n g i n e  f a i l u r e  c o n d i t i o n .  Using 
t h i s  e n g i n e  arrangement ,  t h e  s p a c e c r a f t  is a b l e  t o  m a k e  orbi t  or 
r e t u r n  t o  t h e  s u r f a c e ,  depending upon t h e  a l t i t u d e ,  w i th  t w o  
opposing e n g i n e s  n o t  f u n c t i o n i n g .  

F u e l s  under  c o n s i d e r a t i o n  w e r e  o n l y  t h o s e  t h a t  could  u s e  oxygen 
as t h e  o x i d i z i n g  agent. T h i s  is because  oxygen is b e l i e v e d  t o  
a v a i l a b l e  t o  b e  mined i n  s u f f i c e n t  q u a n t i t i e s  f r o m  t h e  moon. 
RP-1, a form of kerosene ,  and l i q u i d  hydrogen are t w o  f u e l s  m o s t  
commonly used wi th  oxygen. RP-1 p r e s e n t s  problems for  
mul t imis s ion  use. T h i s  is d u e  t o  nozzle d e t e r i o r a t i o n  problems. 
Thus, m o s t  of such  r e s e a r c h  h a s  been d i r e c t e d  toward l i q u i d  
hydrogen, as is used i n  t h e  Advanced Expander Cycle  Engine. 
Thus, t h e  h y p o t h e t i c a l  LCTV e n g i n e  w i l l  use t h e  l i q u i d  
hydrogen-li  qu id  oxygen combinat ion.  

The e n g i n e  system is d i v i d e d  i n t o  t w o  g r o u p s  of t w o  opposing 
e n g i n e s  (see Dwg. 2-002). These  each  h a v e  t h e i r  own f u e l  l i n e  
set and an  i n d i v i d u a l  o x i d i z e r  l i n e  set t h a t  s p l i t s  a t  t h e  LOX 
tank.  The d u a l  l o o p  s y s t e m  is connected  i n  p a r a l l e l  i n  o r d e r  t o  
p r o v i d e  f u e l  t o  t h e  o p p o s i t e  e n g i n e  group (see Dwg. 2-001) i n  t h e  
e v e n t  of sys tem f a i l u r e .  A l l  r e g u l a t i n g  and cutoff v a l v e  
a s s e m b l i e s  w i l l  b e  d o u b l e  valve sys t ems  t o  assure p o s i t i v e ,  
redundant  system s h u t  o f f .  These v a l v e  a s s e m b l i e s  are a l l  
d e s i g n a t e d  t o  f a i l  i n  a c l o s e d  p o s i t i o n .  

The f o u r  e n g i n e  arrangement  and t h e  c o n t r o l  r e q u i r e m e n t s  
i n d i c a t e d  t h a t  t h e  MPS a t t i t u d e  control sys tem cou ld  b e  des igned  
a l lowing  each  e n g i n e  group t o  gimbal a long  o n e  a x i s .  The gimbal 
system is proposed t o  b e  o p e r a t e d  by u s i n g  t w o  h y d r a u l i c a l l y  
o p e r a t e d  p i s t o n  on each  rocket (see Engine  System Schemat ic ) .  A s  
one  c y l i n d e r  ex tends ,  v a l v i n g  w i l l  a l l o w  t h e  o p p o s i t e  c y l i n d e r  t o  
retract t h e  r e q u i r e d  amount. T h i s  arrangement  w i l l  p r o v i d e  
s t r o n g  motor p o s i t i o n i n g .  

Reac t ion  Can t ro l  System (RCS) 

Docking and payload t r a n s f e r  r e q u i r e  f i n e l y  tuned  f l i g h t  





MAIN PROPULSION SYSTEM SPECIFICATIONS 

Total Number of Engines: 4 
Thrust Per Engine: 30,000 lbf, (133,500 N) 
Total Thrust: 120,000 lbf. 1534,000 N) 
Thrust Range: 0% to 25% and 100X 
Engine Weight: 800 lbm. (362.88 kg.) 
Nozzle Max. Diameter: 65 in. (1.651 m) 
Total Engine Length: 150 in. (3.81 m) 
Fuel : Li quid Hydrogen 
Oxidizer: Liquid Oxygen 
Mixture Ratio (O/F): S to 1 
Fuel Consumption: 11.3 lbm,/sec (5.1257 kg./sec) 
Oxidizer Consumption: 56.66 lbm./sec (25.701 kg./sec) 

REACTION CONTROL SYSTEM SPECIFICATIONS 

Number of RCS Pods: 4 
Number of Primary Thrusters Per Pod: 3 
Number of Vernier Thrusters Per Pod: 6 
Thrust Per Primary Thruster: 870 lbf- (3,871.5 N) 
Thrust Per Vernier Thruster: 24 lbf. (106.8 N) 
Fuel: Monomethylhydrazine 
Oxidizer: Nitrogen Hydroxide 
Mixture Ratio (O/F): 1-57 
Max. Yaw Acceleration: ,3360 rad/sq, sec 
Min. Yaw Acceleration: -1680 rad/sq- sec 
Max. Pitch Acceleration: -8084 rad/sq. sec 
Min, Pitch Acceleration: -4042 rad/sq. sec 
Max. Roll Acceleration: -4032 rad/sq. sec 
Min Roll Acceleration: -2016 rad/sq- sec 
Max. Translation Acceleration: ,7308 ft-/sq. sec (-2226 m/sq. 
set ) 
Min. Translation Acceleration: -3654 ft,/sq. sec ( -  1114 m/sq. 
sec 1 
Lateral Acceleration: -01034 ft./sq. sec 4.003152 m/sq. secl 
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FUEL SYSTEM TANKS 

The fuel system tanks will need to meet the following 
requirements: 

Main Propul si on System (MPS) 

Fuel: Liquid Hydrogen C71 
Cknountr 34000 lb. (15,426 kq.) 
Freezing temperature: -435 F (-259 C) 
Builing temperature: -423 F (-253 C) 
Density at b.p.: 4.43 lbm/cu. ft. (71 kq/cu. m.) 
Materials compatability: Stainless steel ,nickel alloy 

Aluminum alloys, Kel-F 

Oxidizer: Liquid Oxygen 
CImount: 170,000 lb. (77,132 kg.) E73 
Freezing temperature: -362 F (-219 C) 
Boilinq temperature: -294 F (-181 C) 
Density at b.p.: 71.29 lbm/cu. ft. (1142 kq/cu. m.) 
Materials compatability: Stainless steel, nickel alloy, 

copper, aluminumz Teflon, Kel-F 

Reaction Control System (RCS) 
Note: Two RCS fuel systems are required; one for  the forward RCS 
and one for the aft RCS. E 1 5 1  

Fuel : Monomethylhydrazine (MMH) CH2NH-NH2 f73 
Cknountr 900 lb. (408 kg.1 
Freezing temperature: -63 F (-53 C) 
Boilinq temperature: 187 F (86 C )  
Density at 68 F (20 6): 54.8 lbmlcu. ft. (878 kg/cu. m.) 
Materials Compatability: Aluminum, stainless steel, Teflon, 

Kel-F, polyethylene 

Oxidizer: Nitrogen tetroxide N204 E 7 3  
Amount: 1415 lb. (642 kg.) 
Freezing temperature: 11 F (-12 C) 
Boiling temperature: 70 F (21 C) 
Density at 68 F (20 C ) :  89.9 lbm/cu. ft. (1440 kq/cu. m . )  
Materials Compatability: Aluminum, stainless steel , Teflon. 

nickel alloys 

Pressurant f o r  the MPS and the HCS: Helium 
Pressure capability: 4000 psig (27,500 kPa) 
Volume: 14,000 cubic feet at 50 psi (400 tu. m. at 345 kPa) 

Dimensions of Tanks 

The tanks are to be placed on a deck, the width and length as 
determined by the payload deck and the height as determined by the 
diameter of tbe larlgest tank plus the plumbinq plus an access 



c l e a r a n c e .  The m o s t  space and weight  e f - f i c i e n t  method is t o  place 
each f u e l  i n  a separate s p h e r i c a l  t ank .  T h i s  method also of fers  a 
c o n s t a n t  c e n t e r  of g rav i ty  independan t  of t h e  amount of f u e l  lef t  
i n  each t ank .  S i n c e  t h e  s t r u c t u r a l  d e s i g n  of t h e  LCTV does n o t  
a l l o w  such  a c o n f i g u r a t i o n ,  large d iame te r  c y l i n d r i c a l  t a n k s  w i l l  
b e  used fo r  t h e  MPS f u e l  and o x i d i z e r ,  w i t h  smaller spherical 
t a n k s  used fo r  t h e  RCS f u e l  and o x i d i z e r ,  and t h e  Helium. 

With an  e x p u l s i o n  device volume of lSX? a n  ullage volume of 5% and 
an  e x p u l s i o n  e f - f i c i e n c y  of 97% t h e  volumes are: Hydrogen 10,000 
cu. f t .  (283 tu.  m. 1 Oxyqen 3100 cu. f t .  (88 cu. m. . I n  t r y i n g  
t o  k e e p  t h e  d e c k  area as close t o  3 2  X 60 f t .  (9 .1 X 18.2 m.) as  
p o s s i b l e  a c o n f i g u r a t i o n  of t w o  hydroqen and o n e  oxyqen t a n k  w i l l  
b e  used. A l l  of t h e s e  t a n k s  w i l l  u s e  s p h e r i c a l  e n d s  and uni form 
c y l i n d e r s .  A f t e r  area and w e i g h t  o p t i m i z a t i o n  t h e  f o l l o w i n g  v a l u e s  
are found for  e a c h  tank:  ( N o t e  2 hydrogen t a n k s )  

C y l i n d e r  l e n g t h :  
Radius: 
T o t a l  l eng th :  

Oxygen Hydrogen 
f t .  (m) f t .  (m) 

42.7 (13.0) 45.3 (13.8) 
4.50 (1.37) 5.50 (1.68) 
51.7 (15.8) 56.3 (17.2) 

The hel ium w i l l  b e  used as a p r e s s u r a n t  t o  e x p e l 1  t h e  f u e l s  f o r  
b o t h  t h e  RCS and t h e  MPS. T h i s  w i l l  r e q u i r e  a total of 14,000 
c u b i c  feet a t  SO p s i  (400 cub ic  m e t e r s  a t  345 kPa).  The he l ium 
w i l l  be  stored a t  2000 p s i  (13,800 kPa) i n  t w o  t a n k s  of 175 c u b i c  
feet (3  cubic  m e t e r s )  each.  T h i s  w i l l  require a d iameter  of 7 feet 
(2.1 meters) for each tank .  

The fue l  t a n k s  for t h e  RCS w i l l  b e  those already i n  u s e  on t h e  
Space Shu t t l e .  S i n c e  t h e s e  are t h e  correct volumes and f u e l s  f o r  
our v e h i c l e ,  t h e r e  is n o  need to d e s i g n  new t a n k s  when t h e s e  are 
a l r e a d y  proven. See ClSl for  e x a c t  s p e c i f i c a t i o n s .  

I 

Fuel  Expu l s ion  F r o m  Main Tanks 

T h e r e  are t w o  m e t h o d s  of fue l  expu l s ion :  Impulse  S e t t l i n g  and 
P o s i t i v e  Expuls ion.  

The Impulse S e t t l i n q  method E 7 1  employs a s m a l l  p r o p u l s i v e  force 
directed a x i a l l y ,  parallel t o  t h e  v e h i c l e  c e n t e r l i n e  of t h r u s t .  
T h i s  a c c e l e r a t i o n  forces t h e  p r o p e l l a n t  t o  c o v e r  t h e  t a n k  o u t l e t  
p r i o r  t o  i n i t i a t i o n  of main e n g i n e  o p e r a t i o n .  Although t h i s  method 
would e l i m i n a t e  t h e  need for  p o s i t i v e  e x p u l s i o n  devices  for  t h e  
main p r o p e l l a n t  t a n k s ,  i t  would n e c e s s i t a t e  separate p o s i t i v e -  
e x p u l s i o n  p r o p e l l a n t  t a n k s  for t h e  sole use of t h e  r e a c t i o n  
c o n t r o l  s y s t e m .  T h e  d i s a d v a n t a g e s  of t h i s  i m p u l s e - s e t t l i n g  method 
are (1) no c o n t r o l  of t h e  v e h i c l e  cen te r -o f -g rav i ty  s h i f t s ,  and 
(2) l o w  t h rus t - to -we igh t  ra t io  under  t h e s e  c o n d i t i o n s ,  which m a y  
i n c r e a s e  r e s p o n s e  t i m e s  beyond tolerable l i m i t s .  

The P o s i t i v e  Expuls ion  method E 7 3  a c h i e v e s  p r o p e r  f l u i d  
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orientation within the propellant tanks by continuously confining 
the propellant to the vicinity of the tank outlet. A positive 
expulsion device usually consists an outer tank shell and an inner 
moveable expulsion device. Frequently used expulsion devices are: 
(1) metallic diaphragms, (2) elastomer diaphraqms, and (3) 
moveable pistons. 

The metallic diaphragms are desirable because of their long term 
storage capability with the propellants. They will not be used on 
this project because the extremely low temperatures required for 
Liquid Hydroqen would cause the aluminum to be cold-worked and 
fail by fatigue after only one expulsion cycle. 

An alternate method of obtaininq positive expulsion in cylindrical 
tanks is a movable piston actuated by a pressurant qas. To prevent 
leaking during operation, seals will be required. The seals may be 
piston-type rings or some type of metallic wiper. In either case, 
the dimension and surface finish of the tank inside diameter 
should be maintained relatively accurate and smooth. The pressure 
differential across the moveable piston required to overcome 
friction during operation increases the required pressurant 
pressure and the tanks structural loads. Another disadvantage of 
this method is that the center of gravity shifts during use. Also 
this method adds mechanical complexity and a need for more 
accurate clearances. 

The main propellant t'anks on the LCTV will use an Elastomer 
Expulsion Diaphragm f 7 3 .  Elastomer-type diaphraqms are applicable 
to most tank configurations and often offer a m o r e  efficient 
utilization of tank volume. This desiqn takes advantage of the 
stretchinq properties o# a pure elastomor and uses the diaphraqm 
a5 a bladder. A s  the bladder is pressurized and inflates, the 
propellant is displaced and positively expelled. By positioninq 
the bladder in the qeometric center of the tank, the propellant is 
uniformly confined and the center-of-gravity remains stationary. 
This system is capable of repeated expulsion and refill cycles. An 
inherent disadvantage of pure elastomers in storage contact with 
many propellants is tensile strenqht degradation as a function of 
time. The exact material will not be specified, but it will be 
prescribed as one that will be able to withstand the environment 
04- the Hydroqen and Oxygen tanks. See Figure 3-001. 

Tank Structure 

In addition to considerations of propellant compatability and 
operational temperature ranqes, selection of construction 
materials for propellant tanks is based on their strength- 
to-density ratio at a given temperature and on their ductility. 
For a given working pressure, the lightest tank structure will be 
the one made of the material with the highest ratio of ultimate 
strength to density. Following are some of the most frequently 
used materials and their properties at r o o m  temperature. E 7 3  
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Aluminum Al loys ,  such  as 6061-T6, &0&6-T&, and 2014-T6. 
Average d e n s i t y  = .1 lb /cu .  i n . ,  Fy up t o  60,000 p s i ,  
Fu up t o  70,000 p s i .  

S t a i n l e s s  Steels, such  as A I S 1  347 (for l o w  p r e s s u r e  t a n k s  
o n l y ) ,  17-7 PH and PH 15-7 Mo. Average d e n s i t y  = .a85 l b /  
cu. in . ,  Fy up t o  200,004 ps i . ,  Fu up t o  220,000 p s i .  

F i b e r  glass, f i l a m e n t  wound wi th  an aluminum-alloy l i n e r .  
f iverage d e n s i t y  (.Fiber glass o n l y )  = -08 lb./cu. in . ,  
Fu = 120,000 p s i .  

The f i b e r  glass t a n k  d e s i g n  w i l l  n o t  b e  used of t h e  LCTV because  
it can n o t  h a n d l e  t h e  l o w  storage t e m p e r a t u r e s  of t h e  main 
p r o p e l l a n t s .  Although t h e  s t a i n l e s s  steels have  a s l i g h t l y  b e t t e r  
u l t i m a t e  s t r e n g t h  t o  d e n s i t y  ratio,  a n  aluminum a l l o y  w i l l  b e  used  
because  of its ease of manu.Facture and r e p a i r .  

Using t h e  fo rmulas  i n  r e + e r e n c e  C73 t o  calculate t h e  w a l l  
t h i c k n e s s  r e q u i r e d  to w i t h s t a n d  membrane stresses due  t o  i n t e r n a l  
t a n k  p r e s s u r e  and t h e  total  t a n k  w e i g h t ,  t h e  f o l l o w i n g  
s p e c i # i c a t i o n s  w e r e  found. ( N o t e :  These c a l c u l a t i o n s  do n o t  
i n c l u d e  t h e  e x p u l s i o n  equipment or t h e  c r y o g e n i c  equipment weight ,  
o n l y  t h e  bare t ank . )  A l l  t a n k s  are aluminum &061-T6. 

Hydrogen t anks :  
Maximum p r e s s u r e  = 100 p s i  (690 kPa) 
W a l l  t h i c k n e s s  = -190 i n ,  (4.82 mm) 
End t h i c k n e s s  = ,095 in.  (2.41 mm) 
T o t a l  weight  ( each )  -- 4550 lb. (2060 kg. )  

Oxygen tank:  
Maximurn p r e s s u r e  * 100 p s i  (690 kPa) 
W a l l  t h i c k n e s s  = ,154 in .  (3.92 mm) 
End t h i c k n e s s  = -077 i n ,  (1.96 mm) 
T o t a l  weight  = 2820 l b .  (1280 kg. )  

Helium tanks :  
Maximum p r e s s u r e  = 2000 p s i  (13,800 kPa) 
W a l l  t h i c k n e s s  = 1.2 i n  (30.5 mm) 
T o t a l  w e i g h t  = 2200 l b  (1000 k g . )  

The  d a t a - f o r  t h e  RCS t a n k s  may b e  found i n  r e f e r e n c e  C151. - - 

CIttachment 0.F T a n k s  

Due t o  t h e  t h i n  membrane s t r u c t u r e  of t h e  large t a n k s ,  r e i n f o r c i n g  
r i n g s  w i l l  b e  p l aced  around them. These r i n g s  w i l l  t h e n  b e  
a t t a c h e d  t o  t h e  s t r u c t u r e  of t h e  LCTV w i t h  mounts  t h a t  w i l l  a l l o w  
bo th  t h e  t a n k s  and t h e  s t r u c t u r e  t o  d i s p l a c e  a s m a l l  amount. The 
mounts w i l l  be  des igned  so t h a t  t h e r e  w i l l  b e  as l i t t l e  as 
p o s s i b l e  h e a t  conducted th rough  them f r o m  t h e  s t r u c t u r e  t o  t h e  
tank .  T h e  mounts w i l l  also be r e q u i r e d  t o  isolate t h e  f u e l  t a n k s  
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from the inherent v ibrat ions of  the structure. Af ter  these 
considerations, mounts such a5 the ones cur ren t ly  used on the 
Space Shut t le  w i l l  be used, except t h a t  they w i l l  be redesigned so 
as not t o  permit heat t ransfer  t o  the tanks. Also, a smaller scale 
of  the mounts w i l l  be used since the LCTV accelerates a t  a much 
lower r a t e  and the fue l  tanks on the LCTV are smaller and l i g h t e r  
than those used on the Shuttle. 

Insu lat ion and Cooling o f  Tanks 

In  desiqn o f  cryogenic propel lant  tanks, there are several 
po ten t ia l  problem areas which may a f fec t  proper funct ioning and 
re1  i abi 1 i ty: 

(1) Propert ies o# the tank construction mater ia ls a t  the 
cryogenic propel lant  service temperature range 

(2) Thermal stresses induced i n  the tank s t ructure by 
temperature gradi ents 

(3) The r e l i e f  o f  tank pressure caused by boi lo-ff  of  the 
cryoqenic propel lants 

(4) Thermal insu la t ion  of the tank wal ls  

One reasan tha t  an aluminurn a l l o y  was chosen f o r  the tank material 
i s  tha t  a l u m i n u m  posesses good mechanical propert ies a t  cryogenic 
temperatures. The thermal stresses can be analyzed by determininq 
the temperature p r o f i l e  a t  various reqions of the tank and may be 
minimized by d iscrete desiqn approaches. The capacity o f  the tank 
r e l i e f  valves should be based on the maximum ant ic ipated b o i l o f f  
r a t e  duel,to the maximum temperature achieved by the tanks. 

L iqu id  Hydrogen imposes serious tank desiqn problems. T h i s  i s  
mainly due t o  i t s  very l o w  service temperature and i t s  r e l a t i v e l y  
la rge  spec i f i c  volume. Desiqn problems are especial ly acute w i t h  
the hydrogen tank insulat ion.  The d i f f i c u l t y  a r i s i n g  i n  hydrogen 
comes .from its tremendous b o i l o f f  rate, which i s  approximately 70 
times t h a t  o f  oxygen. I n  the desiqn of the LCTV, the oxyqen tank 
is covered on each side by a larqer  and Songer hydroqen tank. The 
hydroqen tank i s  a lso exposed t o  solar rad ia t i on  on about 213 of 
i t s  surface area. Since the hydroqen i s  a t  a much lower 
temperature than the oxyqen, i t  w i l l  p ro tect  the oxygen tanks from 
high temperatures. The hydrogen tanks m u s t  be designed t o  keep the 
hydroqen b o i l o f f  r a t e  very low since the #uel is being del ivered 
f r o m  other sources. To keep the hydrogen at an acceptable 
temperature, both a cryogenic cool ing system and adequate 
insu la t ion  w i l l  be used. 

Almost a l l  of the heat i n f l u x  t o  the hydrogen tanks w i l l  come from 
solar radiat ion. The ihsu la t ion  used i n  the so lar  shields m u s t  be 
l i g h t  weight, re l iab le ,  and have a very low heat conductivity. 
Excel lent r e s u l t s  may be achieved with a laminated-type 
insulat ion. T h i s  w i l l  employ a s t ructure o f  aluminum f o i l  and 
fiber-glass, possibly i n  mul t ip le  layers. The aluminum f o i l s  act  
as re f lectors ,  e f f e c t i v e l y  re jec t i nq  rad ia t i ve  heat, while the 
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evacuated  s p a c e  i n  between p r e v e n t s  c o n d u c t i v e  h e a t  t r a n s f e r .  T h i s  
t y p e  of i n s u l a t i o n  c a n  b e  e a s i l y  a p p l i e d  t o  curved  s u r f a c e s  such  
as t h e  t a n k  i t s e l f .  A n  outer  s h i e l d  may b e  used i f  t h i s  i n s u l a t i o n  
does  no prove  t o  b e  adequate .  The ou te r  s h i e l d  w i l l  b e  of a t h i n  
s h e e t  0-F aluminum covered  wi th  e i t h e r  magnesium o x i d e  or s i l v e r .  

The  t w o  hel ium and t h e  t w o  sets of RCS t a n k s  w i l l  b e  p l aced  under  
t h e  t a n k  deck. They w i l l  be i n  t h e  open area above t h e  e n g i n e s  and 
between t h e  s u p p o r t  s t ructure .  S i n c e  t h e y  w i l l  n o t  b e  p r o t e c t e d  by 
t h e  s t r u c t u r e ,  t h e y  w i l l  have  i n s u l a t i o n  covered by aluminum 
p l a t e s  t o  keep t h e  h e a t  out as w e l l  a5 t o  p r o t e c t  them from any 
d e b r i s  t h a t  may b e  k i c k e d  up by t h e  enqines .  

The c r y o g e n i c  cooling sys tem w i l l  b e  r e q u i r e d  thouqhout  t h e  e n t i r e  
f l i g h t  t o  p r e v e n t  t h e  hydrogen from b o i l i n g  off. T h i s  system w i l l  
b e  des igned  so t h a t  it is as l i g h t  as p o s s i b l e  w h i l e  still 
producing  enough power t o  cool 34,000 pounds o# hydrogen. 
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evacua ted  space i n  between p r e v e n t s  c o n d u c t i v e  heat t r a n s f e r .  T h i s  
t y p e  of i n s u l a t i o n  can  b e  easily. a p p l i e d  t o  curved  s u r f a c e s  such  
as t h e  t a n k  itself, An o u t e r  s h i e l d  may b e  used  i f  t h i s  i n s u l a t i o n  
does no  prove  t o  b e  adequate. The  o u t e r  s h i e l d  w i l l  b e  of a t h i n  
sheet of aluminum covered  w i t h  e i t h e r  magnesium o x i d e  or s i l v e r .  . 

T h e t w o  hel ium and t h e  t w o  sets of RCS t a n k s  w i l l  b e  placed under  
t h e  t a n k  d e c k .  They w i l l  be  i n  t h e  open area above t h e  e n g i n e s  and 
between t h e  s u p p o r t  s t r u c t u r e .  S i n c e  t h e y  w i l l  n o t  be protected by 
t h e  s t r u c t u r e ,  t h e y  w i l l  have  i n s u l a t i o n  cove red  by aluminum 
p l a t e s  to k e e p  t h e  h e a t  out as w e l l  as t o  protect them from any 
d e b r i s  t h a t  may b e  k i c k e d  up by t h e  enqines .  

T h e  c r y o g e n i c  c o o l i n q  system w i l l  b e  reauired thouqhout  t h e  e n t i r e  
f l i q h t  t o  p r e v e n t  t h e  hydrogen from b o i l i n q  off. T h i s  system w i l l  
b e  des igned  so t h a t  i t  is as l i g h t  as p o s s i b l e  w h i l e  still 
producing  enough power t o  cool 34,000 pounds o# hydrogen. 
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PAYLOAD AND PAYLOAD EXCHANGE SYSTEM 

The payload exchange s y s t e m  i n c l u d e s  docking,  payload exchange 
and r e f u e l i n g .  A f t e r  i n v e s t i g a t i n g  o t h e r  methods of payload  
exchange, i t  w a s  dec ided  t h a t  t h e  Lunar Cargo T r a n s p o r t  V e h i c l e  
(LCTV) w i l l  r endezvous  wi th  t h e  O r b i t a l  T r a n s p o r t  V e h i c l e  (OTV) 
i n  l u n a r  o r b i t .  T h i s  method induced t h e - n e e d  for a docking 
system. T h e  deve l  opment on t h e  p r o p u l s i o n  sys tem h a s  recommended 
t h a t  l i q u i d  hydrogen b e  used  as fuel .  Because t h i s  is no t  a 
r e a d i l y  a v a i l a b l e  resource on t h e  moon, t h e  OTV w i l l  b e  r e q u i r e d  
t o  b r i n g  a s u p p l y  t o  t h e  LCTV f r o m  e a r t h .  Thus t h e  need f o r  
r e f u e l i n g  d u r i n g  t h e  payload  exchange. 

The payload cou ld  b e  t r a n s p o r t e d  f r o m  t h e  e a r t h ' s  s u r f a c e  t o  
e a r t h ' s  o r b i t  by s h u t t l e ,  f r o m  e a r t h ' s  o r b i t  t o  luna r  o r b i t  by 
OTV and from l u n a r  o r b i t  t o  t h e  lunar s u r f a c e  by LCTV; or from 
t h e  l u n a r  s u r f a c e  t o  t h e  e a r t h ' s  s u r f a c e  v i a  t h e  s a m e  rou te ;  or 
making any s t o p  a long  t h e  way. The payload w i l l  b e  i n  modular 
form u s i n g  several d i f f e r e n t  s i z e  c o n t a i n e r s ,  b u t  s i n c e  t h e  
payload  w i l l  b e  s h u t t l e d ,  it shou ld  b e  a b l e  t o  b e  t r e a t e d ' a s  one  
e n t i t y .  Thus t h e  need f o r  a p a l l e t .  The c o n t a i n e r s  w i l l  b e  
loaded  o n t o  t h e  p a l l e t ,  and it can t h e n  be treated as one i t e m ,  
I f  t h e  payload d o e s  n o t  f i t  i n t o  any container ,  it can b e  
a t t a c h e d  t o  t h e  p a l l e t  by cable and winch. 

Pa l  1 et 

The p a l l e t  t o  b e  used is a modif ied  vers ion  of one a l r e a d y  used  
i n  t h e  s p a c e  s h u t t l e  program. T h i s  p a l l e t  h a s  t h e  c a p a c i t y  and 
site of t h e  s p a c e  s h u t t l e  payload. S i n c e  t h e  w o r s t  enviroment  
t h i s  p a l l e t  w i l l  have  t o  e n d u r e  is d u r i n g  s p a c e  s h u t t l e  launch,  
no  stress a n a l y s i s  w i l l  b e  needed. One m o d i f i c a t i o n  w i l l  b e  t o  
l a t c h  t h e  p a l l e t  t o  an a r m  t h a t  w i l l  s w i t c h  t h e  p a l l e t  from t h e  
LCTV t o  t h e  OTV. This w i l l  be discussed later i n  t h e  Payload 
Exchange s e c t i o n .  Other  m o d i f i c a t i o n s  w i l l  a l l o w  t h e  p a l l e t  t o  
a t t a c h  t o  t h e  LCTV. A female pyramid 4i.a. one t h a t  w i l l  match 
t h e  o n e  d e s c r i b e d  i n  t h e  S t r u c t u r e s  s e c t i o n ) ,  and t h r e e  h o l e s  
each  on t w o  s u p p o r t  beams for t h e  h y d r a u l i c  c y l i n d e r s ,  d i s c u s s e d  
earlier, which w i l l  l o c k  t h e  p a l l e t  down. The l as t  m o d i f i c a t i o n  
w i l l  b e  t o  have  t h e  c o n t a i n e r s  or payload a t t a c h  t o  t h e  p a l l e t .  

The mechanism used t u - a t t a c h  t h e  payload t o  t h e  p a l l e t  is s i m i l a r  
t o  s o m e  door  l a t c h e s  on t h e  B-1 Bomber. The c o n t a i n e r  w i l l  have  
f o u r  s h a f t s  p r o t r u d i n g  f r o m  t h e  bottom wi th  cones on t h e  end of 
each s h a f t  (see f i g .  4-001). The cones w i l l  g o  th rough  holes i n  
t h e  p a l l e t ,  and t h e n  i n t o  h o l e s  i n  a column i n s i d e  t h e  p a l l e t  
(see f i g .  4-002). The column w i l l  s l i d e  down and l o c k  t h e  
c o n t a i n e r s  i n  p l ace .  S i n c e  t h e  p a l l e t  w i l l  b e  loaded  i n  a s h i r t  
s l e e v e  environment ,  t h e  movement and l o c k i n g  of t h e  column c a n  be  
done manually. If a c a b l e  and winch is used, t h e  c o n e  w i l l  be  on 
t h e  end of t h e  cab le .  

The c o n t a i n e r s  w i l l  modular ize  t h e  system. Four c o n t a i n e r s  12 
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f t .  X 12 f t .  X 12 f t .  (3.7 m X 3.7 m X 3.7 m ) ,  or t w o  c o n t a i n e r s  
12 f t .  X 12 f t .  X 25 f t .  (3.7 m X 3.7 m X 7.6 m ) ,  of one  
c o n t a i n e r  12 f t .  X 12 f t .  X 55 f t -  (3.7 m X 3.7 m X 16.8 m ) ,  or 
any p o s s i b l e  combinat ion of t h e s e  w i l l  be  carried on t h e  pal le t .  
By u s i n g  d i f f e r e n t  s i z e  c o n t a i n e r s ,  d i f f e r e n t  p a y l o a d s  can be 
t r a n s p o r t e d  on t h e  s a m e  miss ion ,  T h e  l a r g e  c o n t a i n e r  can  be  . 
modi f i ed  t o  t r a n s p o r t  pe r sonne l  by adding a li+e s u p p o r t  system. 

Payload Exchange 

During t h e  d e s i g n  of t h e  LCTV, t h e r e  w e r e  s e v e r a l  d i f f e r e n t  ideas 
t o  a c t u a l l y  exchange t h e  payload. One idea w a s  t o  have t h e  LCTV 
leave t h e  payload  i n  o rb i t  for t h e  OTV t o  come by and p i c k  i t  up, 
T h i s  w a s  n o t  des i r ab le  i f  pe r sonne l  w e r e  p o s s i b l y  involved ,  and 
would be  d i f f i c u l t  for  c o n t r o l s  t o  handle.  The deployment of a 
docking and r e f u e l i n g  s t a t i o n  i n  l u n a r  o r b i t ,  .which both t h e  LCTV 
and OTV would d o c k  t o  w a s  reviewed. S i n c e  t h e  LMV w a s  r e q u i r e d  
t o  d o c k  t o  t h i s  s t a t i o n ,  it w a s  dec ided  t o  have  t h e  LCTV dock t o  
t h e  OTV i n  a stable orbi t ,  T h i s  would n o t  r e q u i r e  t h e  OTV t o  
perform any docking maneuvers. 

Once it w a s  dec ided  t h e  L C W  w o u l d  dock t o  t h e  OTV, t h e  p r o c e s s  
of payload  exchange w a s  d e r i v e d  through an i n d u s t r i a l  e n g i n e e r i n g  
though t  pa th .  By moving both of t h e  p a y l o a d s  off t h e  LCTV and 
t h e  OTV a t  t h e  s a m e  t i m e ,  and s w i t c h i n g  t h e m  a t  t h e  s a m e  t i m e ,  
t h e  optimum p r o c e s s  w i l l  be reached. 

The  Payload Exchange R e f u e l i n g  Un i t  (PERU) w i l l  be a t  t h e  long  
end of t h e  LCTV. T h i s  u n i t  w i l l  be  t h e  docking  j u n c t i o n  between 
t h e  OTV and t h e  LCTV, as w e l l  as perform r e q u e l i n g  and payload 
exchange. Docking and r e f u e l i n g  w i l l  be  d i s c u s s e d  later i n  t h i s  
s e c t i o n ,  T h e  PERU w i l l  have  a n  a r m  tha t  w i l l  move up t o  t h e  
level 0.F t h e  p a l l e t s ,  rotate 90 d e g r e e s  t o  hook o n t o  t h e  p a l l e t s ,  
l i f t  t h e  t w o  p a y l o a d s  t o  clear t h e  t w o  v e h i c l e s ,  rotate  t h e  t w o  
p a l l e t s  180 d e g r e e s  and l o w e r  t h e  payloads-  T h i s  p r o c e s s  is 
i l l u s t r a t e d  i n  + i g u r e  4-003. 

The l i f t i n g  of t h e  payload  w i l l  be  done by a h y d r u a l i c  c y l i n d e r  
which w i l l  be i n s i d e  t h e  u n i t  w i t h  t h e  s h a f t  t h a t  is i n s i d e  t h e  
c y l i n d e r  bol ted t o  t h e  a r m .  S i n c e  t h i s  s h a C t  w i l l  n o t  support  a 
t ou rque ,  two- rods  t h a t  are bo l t ed  t o  t h e  a r m  and go t h rough  a 
rotor w i l l  s u p p o r t  t h e  t o u r q u e  needed t o  rotate t h e  payloads. 
T h i s  rotor (see drawing 4-0093, which w i l l  have t h e  h y d r a u l i c  
c y l i n d e r  i n s i d e ,  w i l l  be rotated by a motor th rough  a g e a r  t r a i n .  
To minimize t h e  loads on t h e  rods and t h e  a r m ,  t h e  process of 
l i f t i n g  and r o t a t i n g  w i l l  be done s l o w l y  a t  c o n s t a n t  
a c c e l e r a t i o n .  L i f t i n g  and lower ing  t h e  t w o  pallets 5 f t .  (1.5 m l  
w i l l  t a k e  5 mins. each, and r o t a t i n g  t h e  payload  185 degrees w i l l  
t a k e  5 mins. If t h e  g e a r  (on t h e  rotor) t o  p i n i o n  (on t h e  motor) 
r a t io  is 7.5 ,  t h e n  t h e  motor w i l l  have  to produce  85 f t ,  l b s .  
(108.5 Nm) for  t h e  first 2.5 mins. and t h e n  decrease t o  z e r o  ove r  
t h e  n e x t  2.5 mins. The  motor and h y d r a u l i c  s y s t e m  w i l l  b e  
c o n t r o l l e d  by a microprocessor i n  t h e  PERU, which w i l l  b e  
i n i t i a t e d  by t h e  main microprocessor u n i t  of t h e  LCTV. 
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One problem w i t h  t h i s  u n i t  is t h e  b e a r i n g s  for  t h e  rotor .  N o r m a l  
b a l l  b e a r i n g  w i t h  bore d iameter  of 2.5 f t .  4.75 m) can  be used t o  
restrict radial d i sp lacemen t  and p r o v i d e  minimal f r i c t i o n .  
Because of v i b r a t i o n  and a c c e l e r a t i o n  d u r i n g  l if t-off and 
l a n d i n g ,  t h e  rotor must a lso be  restricted i n  t h e  lateral 
d i r e c t i o n .  To  minimize f r i c t i o n  and lateral d i sp lacemen t ,  a 
b e a r i n g  must be developed t rxbe  p laced  on t h e  end surfaces of t h e  
rotor (see f i g .  4-004). The b e a r i n g s  for t h e  bottom of t h e  rotor 
w i l l  b e  i n  t h e  body of t h e  PERU, while t h e  b e a r i n g s  for  t h e  top  
t w o  s u r f a c e s  w i l l  be  i n  t h e  r e t a i n i n g  p l a t e  o+ t h e  PERU (see 
drawing 4-008) 

T h e  latch used t o  hook t h e  pal le t  t o  t h e  a r m  w a s  op t imized  t o  u s e  
t h e  s m a l l e s t  amount of r o t a t i o n ,  which would u s e  t h e  s m a l l e s t  
p a r t  of a gear. One i d e a  w a s  t o  latch on  by l o c k i n g  i n t o  t h e  
pa l l e t  and t h e n  "backing o u t "  t o  unlock. T h i s  would need a n  
e x t r a  90 degrees of g e a r  for a total  of 270 d e g r e e s -  By n o t  
having  t o  " b a c k  ou t" ,  o n l y  180 degees of g e a r  is needed. T h e  
1 atch devel oped h e r e  w i  11 u s e  three s m a l l  hydraul  i c  cy1 i n d e r s  for  
each end of t h e  a r m .  The a r m  w i l l  rotate between t w o  p l a t e s ,  one 
bo l t ed  t o  t h e  t o p  of t h e  p a l l e t ,  and one  b o l t e d  t o  t h e  bottom 
(see f i g .  4-006). The  t o p  p l a t e  h a s  t w o  h o l e s ,  and t h e  bottom 
p l a t e  h a s  o n e  hole i n  t h e  middle. The t h r e e  h y d r a u l i c  c y l i n d e r s  
w i l l  ex t end  and l o c k  i n t o  t h e  holes i n  t h e  p l a t e s .  

Docking 

The  docking w i l l  be  done by t h e  LCTV w i t h  t h e  OTV i n  a stable 
orb i t .  The  docking d e v i c e  w i l l  a g a i n  be  s i m i l a r  t o  t h e  door 
latches on t h e  B-1 Bomber. Two cones,  one  foot 4.3 m) i n  
d i ame te r  a t  t h e  base, w i l l  be on t h e  end o+ t w o  s h a f t s  p r o t r u d i n g  
f r o m  t h e  end of t h e  OTV. A gu idance  system, which w i l l  be 
discussed later i n  t h e  C o n t r o l s  s e c t i o n ,  w i l l  l i n e  up these t w o  
c o n e s  w i t h  t w o  i n v e r t e d  c o n e s  i n  t h e  PERU on t h e  LCTV (see f i g .  
4-0051. The hole w i l l  be three feet 4.9) i n  d i ame te r  a t  it's 
opening. T h i s  w i l l  g i v e  t h e  gu idance  sys tem s o m e  t o l e r a n c e  
d u r i n g  al ignment .  The cone  w i l l  b e  l o c k e d  o n t o  t h e  PERU i n  a 
manner s i m i l a r  t o  t h a t  used t o  attach c o n t a i n e r s  t o  t h e  pal le t .  
The  d i f f e r e n c e  be ing  t h a t  t h e  column w i l l  be  moved by a motor 
c o n t r o l l e d  by t h e  PERU microprocessor. 

Refuel  i n g  

The r e f u e l i n g  sys tem h a s  n o t  been tho rough ly  i n v e s t i g a t e d ,  b u t  
t h e  i n t e n t  is t o  u s e  a qu ick  c o n n e c t l q u i c k  d i s c o n n e c t  f u e l  
nozzle. These t y p e s  04 n a z z l e s  are used on Indy race cars and 
th roughou t  t h e  aerospace i n d u s t r y  t o  p r e v e n t  s p i l l a g e .  CI s i m i l a r  
sys tem can be developed for u s e  on t h e  LCTV. T h e  t w o ,  t w o  foot 
( . 6  m) d i a m e t e r  h o l e s  i n  t h e  PERU are al lot ted for t h e  u s e  of 
r e f u e l i n g .  If a q u i c k  connec t  is used,  t h e  n o z z l e  w i l l  have t o  
b e  connected af ter  t h e  LCTV is p o s i t i v e l y  docked to t h e  OTV. 
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LAND I ttlG GEAR 

T h e  l a n d i n g  g e a r  f o r  t h e  LCTV has n o t  been a major concern ;  !TIXIY 

vendors  s u p p l y  s t a n d a r d  l a n d i n g  g e a r  f a r  aizrospace vehic:L ,?E that 
can he slightly modif ied  t o  s u i t  t h e  LCTV a p p l i c a t i o n n  The i.anci- 
inq, g a a r  w i l l  m a s t  l ikely u s e  an a s s e m t l y  of shocb: struts ani= 
t i r a t ing  meniberr;. Due t o  t h e  h a r &  environment  t h a t  the LCT'J w i  11 
encoun te r  5 o m e  m o d i f a c a t i o n s  w i l l  b e  r e q u i r e d .  

The v e h i c l e  w i l l  o p e r a t e  i n  a vacuum under  zero-g c o n d i t i o n s .  
The mechanism w i l l  b e  r e q u i r e d  t o  s u s t a i n  t e m p e r a t u r e  r a n q e s  of  
+i- 210 C. The mechanical  per formance   characteristic^ of t h e  
!shock s t r u t  should  p r o v i d e  damping t o  minimize ground r e sonance  
ar~d i n c o r p o r a t e  5 o m e  me te r ing  . d e v i c e s  f o r  ene rgy  a t s o r t t i o n .  

Fi s t a n d a r d  shock s t r u t  mechanism c o n t r o l s  t h e  f l o w  of a gas -o i l  
c o m b i n a i i o n  t o  p r o v i d e  t h e  damping n e c e s s a r y .  I n  o r d e r  +or t h c  
shock s t r u t  t o  pe r fa rm w e l l  t h e  g a s  s h o u l d  n o t  d i s p e r s e  through-  
a u t  t h e  o i l -  Under zero-g c o n d i t i o n s ,  however, t h i c  may happen 
u n l e s 5  a b a r r i e r  is p r e s e n t  between t h e  g a s  and o i l .  

As t h e  LCT'J l a n d s  i t  is v e r y  p o s s i b l e  t h a t  a l a te ra l  v e l o c i t y  
w i l l  exist. T h i s  is a c r i t i ca l  conce rn  under  emergency l a n d i n g  
c o n d i t i o n s .  T h e r e f o r e  i t  is s u g g e s t e d  t h a t  t h e  member of t h e  
l a n d i n g  g e a r  assembly which c o n t a c t s  t h e  l u n a r  s u r f a c e  is a b l e  t o  
damp a u t  l a te ra l  v e l o c i t y .  A s  a n  a l t e r n a t i v e  to t h i s ?  t h e  strut- 
titre of t h e  l a n d i n g  g e a r  c o u l d  b e  d e s i g n e d  t o  a b s o r b  t h e  ene rgy  
+rum t h e  l a te ra l  motion and s h o u l d  b e  c a n s i d e r e d  i n  de5;iqn. 



CONTROLS AND ELECTRONICS 

Introduction 

Thanks to the invention of modem micro-computers, automatic control of 
a lunar cargo transfer vehicle is possible. This section will outline how such 
a vehicle would operate. Since the state of the art in computer systems is 
changing almost daily, this description may become outdated as far as available 
equipment is concerned, but the general format of-the system will remain 
the same. 

Control System 

The main control system will be made up of several sub-systems, including 
navigationlguidance, electrical power distribution, main propulsion and control 
rockets, and error testing. These subsystems will report their status and 
receive commands from the main mission controller(HflC), which will have the job 
of supervising the operation of the vehicle in all stages of flight. Each 
subsystem will have its own microcomputer which will handle the job of 
interfacing the main mission controller with the actual hardware of the 
vehicle. This allows the main mission controller to mantain a supervisory 
mode, only handling very high ordered mission functions, letting the subsystem 
computers handle the routine operations. In the event of a HHC breakdown, 
each individual subsystem will be able to execute a predefined set of commands 
in order to insure the safety of the LCTV. 

Main Hission Controller 

The main mission controller consists of all the.hardware and software necessary 
to operate the LCTV under normal conditions, The hardware will consists of 
3 computers, a l l  identical, connected in a redtarhat group through a poller, 
a device which will receive commands from all three computers and issue the 
connuand that at least two of the computers agrea on, Each computer will run the 
same mission progrm as part of the fail-safe system. 

At the start of the mission, prior to lift off from the moon's surface, the 
computers will be loaded with the mission profile program. 
contain 211 the data pertinent to the current mission, such as where the OTV 
is in orbit and where to land. The computers will use this data to issue commands 
to the main propulsion and control rockets and then use information from the 
guidance system as feedback. 

This program w i l l  

If at any time a subsystem senses an error in itself, the subsystem will issue 
an 'interrupt to the fQlC, which will then be handeled by a portion of software 
called tasks. 
but also must only take a limited amount of time. On the lunar lander of the 
Apollo missions, a task could only take up to two minutes of the computer's 
time. Since tasks on the LCTV will only handle errors, they should be limited 
to less than 15 seconds of the computers time. If multiple errors occur at the 
same time, then the MMC must decide which error is more threatening to the 

Tasks will have priority over all other operation of the LCTV 

L 
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success of the mission and execute it first. The ZMC will then handle the 
second error if it is still present. 

When the HnC is not executing tasks, it will execute jobs. Jobs are controlled 
by the executive program resident in the 3 computers. 
called for by the mission profile program or by various subsystems. 
job car1 will consist of an address and a priority, the address telling the 
computer where the subroutine for that job is in memory and the priority 
informing the HMC how important the job is. Every 3.08 milliseconds (1000 
individual instructions) the M C  will check to see if any other jobs with 
higher priorities have been called for. If so, it wil.1 execute the higher 
priority job, putting the interupted job on hold. 
requested, all jobs will be put on hold.. 

The best choice for the three computers in the MIC would be a modified 
IBH AP-101 microprogram controlled computer, which is also used on the Space 
Shuttle. This computer has 104,496 words of memory and a word length of 
36 bits. 
per second. Since this computer has been proven in the field and fits 
the specifications for a control computer, it would be the logical choice for 
use aboard the LCTV. 

These jobs are either 
Each 

Any time a task is 

It uses floating-point calculations at a rate of 325,000 calculations 

Navigation and Guidance 

Navigation and guidance will utilize intertial guidance along with a Navigaion/ 
Guidaace Computer(NGC). 
the HHC and propulsion unit. The mission profile program that is loacrea 
into the M C  will also be loaded into the NGC. The NGC will then monitor 
its own various sensors and compare their values to those of the mission 
profile program. 
a job or a task from the MC. Almost all errors in navigation will be 
handeled by a job unless it is ascertained that the error is threatening 
the mission. 

The main purpose of the NGC is as feedback loop for 

. 
If these values differ, the NGC will decide if to request 

The navigation and guidance system will use three precision instruments for 
its job. These are: 

1. gyroscopic devices 
2. linear accelerometers 
3. precision clock 

The first two of these devices will be vehicle-frame mounted sensors as 
opposed to gimbal mounted due to the reduction in weight and size. The 
drawback with vehicle frane mounted systems is that their values need to 
be processed before the values can be used. This problem will be alleviated 
by attaching a single-chip microcomputer, such as a 6801, to each sensor 
to pre-process valucr, f o r  the NGC. 

Inertial guidance was :elected over other guidance systems, such as optical 
tracking or satellite tracking, because of the short mission time of less 
than two hours (see Flight Dynamics) and because of the high reliability 
of inertial guidance systems. Prior to leaving on a mission, the system 
can be re-calibrated. 
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Once in range of the OTV, a homing guidance system will take over. The 
prelimainary rendezvous will use a standard doppler shift radar system to 
manuever the vehicles within 50 feet (15.24 meters). Once within range, 
an optical system using lasers will take over. 
six lasers mounted on the OTV, one on each side, which will scan through 
180 degrees. The OTV will turn each laser on in sequence and transmit a 
radio signal so that the LCTV will know which laser is on at what time. 
By measuring the light falling on sensors mounted aound the LCTV, the NGC 
will be able to inform the HMC of, the LCTV's position in respect to the 
OTV. The HHC will then use the control rockets to align and dock the LCTV 

This system will use 

' with the OTV. 

During rendezvous and docking, the Navigation and control system will be 
sending position reports to the fMC computer almost continuously. Since 
any major problem will take time to arise (and could be handeled on a task 
basis), position reports will have a priority lower than the priority 
of jobs to the control rockets. 

Upon completion of the payload transfer in orbit, the LCTV will undock with * 

the OTV and use inertial guidance to return to its base. Since some drift 
is to be expected with the guidance system, the LCTV will also home in 
on a transmitter located at its landing point. As the LCTV approaches 
touchdown, it will use a microwave scanning beam landing system(SBLS). 
This system is used on the Space Shuttle and will give the NGC information 
regarding elevation, azimuth angles, and range from the landing location. 

As a backup to the inertial guidance system, a passive homing system will 
be onboard. 
ground staCions to determine the LCTV's position. This system will only 
be used if the main system has a failure. 

This system will be able to use a series of satellites and/or 

9. 

Communications-Internal 

The most important part of the controls system is the ability for each 
subsystem to communicate with the MC. All comwrnications between the 
HMC and other subsystems will be through a single wire multiplexer/demult- 
iplexer (SWmnr). The SwMfX will take the information that needs to be 
transmitted and convert it from parallel to serial form. This information 
is then sent across the single wire to a demultiplexer where it is converted 
back into parallel form to be used by a computer. 

In deciding what type of single wire to use, the speed at which the comquter 
can output commands must be considered. 
an instruction speed of 3.08 microseconds. Since a word is 36 bits, the 
wire should be able to handle a rate of 3.08usecs/36bits or 0.086 usecs/bit. 
This in turn gives a bit rate of 11.688 naZ. Since a coaxial cable can 
handle up to 500 ?fHz, this would be the logical choice. If at any time in 
the future a computer is used that would exceed the 500 HEz bandwidth limit, 
then the wire could be replaced with an optical fiber, which bas an almost 
unlimited bandwidth. From a maintmurce standpoint, the coaxial cable would 

The computer used in the HHC has 

be more suitble 

There are three 

to stand up to the enviroment of space. 

main reasons for using the SWMUX. These are: 
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1. &ea savings 
2. Weight savings 
3. Allows for redundancy. 

Because only one wire is being run to each subsystem as opposed to 36 wires, 
several wires carrying the same information can be run through different parts 
of the vehicle to handle any failures in a single wire. 

Communications-External 

The external communcation system, not including navigation guides, will 
inform the ground facilities of the.mission progress and receive commlnds 
from the ground if any error is detected in the mission, 
will be telemetry data sent via the communications controller subsystem(CCS). 
The CCS will monitor all internd communications via the subsystems and the 
MNC and transmit back the pertinent information. If at any time the ground 
crew wishes to take over command of the flight, the CCS will inform the MNC 
to suspend operation and the CCS will then issue the commands it receives 
ffrom the ground to the various subsystems via the SWHUX. 

A l l  communications 

Due to the bandwidth of internal communications (lIMHz), a11 external counnun- 
ications must be somewhat slower. Communeiations in the KU-Band, with a 
frequency of 15.0034 GHz, is used by the space shuttle. 
a bandwidth of about lXEz, This means that if the ground crew were to take 
over control commands could only be issued at 1/11 the rate of te MnC. Since 
the ground will only take over control in times of emergency, this should 
cause no problem. 

This radio link has 

Hain Propulsion Controller 

The Main Propulsion Controller (MPC) will receive commands from the MMC 
urd operate all the engines aboard the vehicle. 
from the Hl5C will include : 

The commands received 

1. Engine Start-up 
2. Engine shut-down 
3. Change thrust 
4. Gimabal engine 
5. Fire control rocket 

Each command will also have an address associated with it to specify which 
rocket or engine group the command is meant for. The HPC will then control 
the appropriate hardware to execute the conanand. 

The HPC will control two valves for each main engine group (see Propulsion), 
the fuel tank valve and the oxidizer valve. Each main engine group will have 
two hydraulic actuators, operated in tandem, one for each engine. A position 
feedback system will be used to adjust each engine to the angle specified by the 
MC, 
engine start-up. 
engine system to insure proper operation and to detect amy mission threatening 
errors. 

- 

Afso controlled by the MPC will be engine igniter in each engine used for 
The lipC will also monitor sensors placed throughout the 

When the MMC issues the engine start-up connoand, the MPC will open the fuel and 
oxidizer valves. Once the MPC senses that fuel is flowing into the combustion 



chamber, it will fire the engine igniter. If the W C  senses a dramatic change of 
pressure in the combustion chambar signifying engine ignition, it will stop 
firing the engine igniter and wait for the next command from the computer. Since 
the W C  opens the valves full for engine start-up, the engines will operate 
at 100% thrust until told otherwise by the MC, 

Control rocket firing will be either on or off so that the HPC will only have 
to tell each rocket to fire or to stop firing. The control rocket system will 
only have feedback via the Navigation and Guidance system. 
issued to move the ship and the Guidance system discovers the ship is not 
moving, it will inform the MIC to take corrective action. 

If a command is 

As part of the fail-safe system, temperature sensors will be located along 
a l l  fuel lines and various other locations on the ship. If at any time 
the temperature at a sensor raises above its specified value, the MPC will 
shut off a l l  fuel flow in that area. Also the MPC will monitor pressure 
sensors in the combustion chambers of the main engines to assure the engines 
are operating. If an engine should fail to operate, the tlpC will try to 
re-start it. If this fails, the HPC will shut off the other engine in that 
main engine group and inform the HMC that an error has occured and to start 
a pre-defined abort sequence (see Error Recovery). 

Payload Handling Controller 

The Payload Handling Controller will handle the hardware for the transfer of 
payload and fuel with the OW (see Payload). 
one command from the MIC, that is to begin payload/fuel transfer. After 
payload and fuel have been transfered, this system will report back to the 
MIC that is has successfully completed its job. 

This system will receive only 

Error Recovery 

As with all systems, there is always a chance that an error can occur. To avoid 
any mission threatening errors, several features are  built into the LCTV. The 
most important error recovery system is the redundancies in every system, 
Each system will be able to run a self test and switch to a back up system if 
any problem is encountered. Also onboud will be a Central Integrated Test 
System(C1TS). 
the LCTV is operating properly. If the CITS senses that m y  system is not 
performing its job, than the CITS will inform the MIC of the problem, As a last 
resort, the CITS can inform the Connaunications system that a major problem 
has occured. The CCS will inform the ground of the problem and the ground 
must decide if to destroy the LCTV. This will only-happen if the LCTV 
is a threat to life or property. 

The CITS will monitor various sensors around the ship to insure 

Flight Dynamics 

Due to the simplicity of the flight, the guidance system does not have to 
be very fast. After take-off, the LCTV achieves orbit in 8 minutes with an 
orbital velocity of 5440 ft/sec (1658m/sec). The LCTV stays in this orbit 
for 109 minutes until i t  starts its descent back to its starting point. 

t 
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In t h i s  109 minutes, the LCTV must dock with the OTV, exchange payloads and 
f u e l ,  and undock. Since payload t r ans fe r  w i l l  only take 15 minutes, this leaves 
94 minutes t o  dock the two vehicles.  
t h i s  time r e s t r i c t i o n  should be no problem. 
problems with t i m e ,  then both the OTV and LCTV could remain docked fo r  another 
o r b i t .  

Using the spec i f ied  control rockets,  
If the LCTV experiences any 

. 
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COMPUTER USAGE 

LCTV F l i g h t  S imula t ion  

To s i m p l i f y  e n g i n e  select ion,  f u e l  sys tem s p e c i f i c a t i o n s ,  and 
f l i g h t  c o n t r o l  d e s i g n ,  a computer s i m u l a t i o n  of t h e  LCTV w a s  
w r i t t e n .  Using t h e  Microsoft Corp. v e r s i o n  of t h e  BASIC language  
on a microcomputer, t h e  program w a s  used t o  ma themat i ca l ly  
recreate t h e  f l i g h t  o+ a s p a c e c r a f t  i n  t h e  l u n a r  environment.  
The o n l y  e x t e r n a l  force a p p l i e d  t o  t h e  LCTV is t h e  lunar 
g r a v i t a t i o n a l  +orce. The program recalculates t h i s  f o r c e  a t  
e v e r y  i t e r a t i o n  s i n c e  t h e  f o r c e  d o e s  vary wi th  a l t i t u d e .  The 
t h r u s t  force a p p l i e d  a g a i n s t  g r a v i t y  is f r e e  t o  b e  varied by t h e  
s i m u l a t i o n  use r .  Using e q u a t i o n s  based on Newton's Laws, t h e  
program c a l c u l a t e s  t h e  acceleration, t h e  v e l o c i t y ,  and t h e  
d i sp lacemen t  of t h e  s p a c e c r a + t  i n  t w o  p l anes .  A l s o ,  u s i n g  
t h e o r e t i c a l  f u e l  and o x i d i z e r  consumption v a l u e s ,  t h e  change  i n  
v e h i c l e  m a s s  can b e  determined.  The user  can change, a t  any 
t i m e ,  t h e  a t t i t u d e  of t h e  model and t h u s ,  t h e  t h r u s t  v e c t o r s .  
The re  is a n  assumption h e r e  t h a t  t h e  a t t i t u d e  change is 
e s s e n t i a l l y  i n s t a n t a n e o u s  between t w o  i terat ions.  Using t h e  
a b i l i t y  t o  change t h r u s t  l eve ls  and a t t i t u d e ,  t h e  s p a c e c r a f t  
s i m u l a t i o n  can  b e  *'flown" i n  an approximat ion  of t h e  real 
f 1 i g h t .  

S e v e r a l  d i f f e r e n t  f l i g h t  s i m u l a t i o n s  w e r e  r u n  t o  demons t r a t e  t h e  
t h e o r e t i c a l  f l i g h t  a b i l i t i e s  o+ t h i s  des ign .  The s t a n d a r d  f l i g h t  
p r o f i l e  shows t h a t  t h e  t r a n s p o r t e r  can  b e  f lown t o  t h e  expec ted  
a l t i t u d e  and o r b i t a l  v e l o c i t y  and t h e n  r e t u r n e d  t o  t h e  l u n a r  
s u r f  ace. Control  d e s i g n  r e q u i r e d  knowledge  of s p a c e c r a f t  f l i g h t  
c h a r a c t e r i s t i c s  i n  t h e  e v e n t  o# f a i l u r e  of one  of t h e  e n g i n e  
loops.  The s imula te r  p rov ided  d a t a  t h a t  i n d i c a t e s  t h a t  f r o m  
approx ima te ly  2.5 m i l e s  (4.03 km.) ,  t h e  LCTV can  a b o r t  t h e  
miss ion  t o  t h e  r e q u i r e d  o r b i t .  B e l o w  t h i s  a l t i t u d e ,  it is f e l t  
t h a t  t h e  miss ion  shou ld  b e  a b o r t e d  t o  t h e  s u r f a c e .  I t  w a s  f e l t  
t h a t  t h e  LCTV cou ld  b e  used  as a s u r f a c e  t o  s u r f a c e  t r a n s p o r t  
v e h i c l e ,  b u t  t h e  s i m u l a t i o n  demonst ra ted  t h a t  t h e  m a x i m u m  r a n g e  
t h a t  l eaves  enough f u e l  for  a r e t u r n  f l i g h t  would b e  75 m i l e  
(120.75 km.) ar less. Compared a g a i n s t  + l i g h t  costs, t h i s  
a p p e a r s  t o  i n d i c a t e  t h a t  t h e  LCTV is n o t  s u i t e d  for t h i s  t y p e  
m i  ssi on. 

Computer Aided Design (CAD) 

Many o+ t h e  drawings  i n  t h i s  r e p o r t  w e r e  done t a k i n g  advan tage  of 
a computer d r a f t i n g  system. The sys tem used  w a s  t h e  IBM CAD4M 
system. Th i5  sys tem a l lowed e a s y  drawing a l te ra t ion  i n  t h e  e v e n t  
of d e s i g n  changes. I t  also al lowed t h e  d e s i g n e r  to exper iment  
w i th  v a r i o u s  d i f f e r e n t  v e r s i o n s  of t h e  des ign .  
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REM $ AY: VERTICAL ACCEL. * 
REM * AX:HORIZ. ACCEL. * 
REM Y VY:VERTICAL VELOCITY * 
REM VX : HORI 2 - VELOCITY * 
REM * T: TIME INCREMENT * 
REM 8 X:HORIZ. POSITION * 
REM t Y:VERTICAL POSITION * 
REM t P: PERCENT THRUST * 
REM StStt*tStSSSStttSSSt$*********** 
REM * INITIAL DATA * 
REM S S * S t S S X t S S S S $ X L S t * t S S t S t t S S t S t t  
Y=0*5280: X==O: T=l : VX=O: VY4: LL=O 
CF=.0174533: REM DEGREE TO RAD 
MS=2O20: REM SPACECRAFT MASS (SLUGS) 
MP-2020: REM PAYLOAD MASS (SLUGS) 
MF=6335: REM FUEL MASS (SLUGS) 
GC=3.7302E-08:REH GRAVITY CONSTANT 
MM=4.8429E+21:REM MOON MASS (SLUGS) 
RM=5.7072E+06: REM MOON RADIUS ( U S .  1 
F=140000!: REM MAX THRUST (US.) 
FCp8.4467: REM FUEL CONSUMP. (SL/S) 
GOT0 67 
REM S t S S S t X t t S S t t t S t S S X t * * * * * * * * * *  
REM t ITERATIVE SECTION * 
REM * t t X t t S S Y t S S S S S S S t t * * * * * * * * * * *  
K=K+l 
QQ%=INKEY$ 
IF QQs=*aT" GOTO 79 
G=GCSMM/ (RM+Y) *2: REM GRAVITY 
MT=MS+MP+MF: REM TOTAL MASS 
AY= ( (FSCOS (LLSCF) SP1100) /Mf) -Go REM VERTICAL ACCEL. 
AX=((FXSIN(LLtCF)tP/l0O)/MT): REM ORBITAL ACCELERATION 
IF YQ=OANDAY<OTHENAY=O: REM INITIAL Y=O POSITION 
Y=Y+VYtT+.StAYST^2: REM Y POSITION 
IF Y<=OTHENY=O ELSE YQ=l 
X=X+VXtT+. StAXtT*2 
VY=VY+AYST: REM VERT. VELOCITY 
VX=VX+AXST: REM ORBITAL VELOCITY 
MF=MF-(FC*(P/lOO))tT: REM CHANGE IN FUEL MASS 
IF MF<=OTHEN PR1NT"OUT OF FUEL! ":BEEP:ENI) 
IF YQ=OANDY.=OGUTOS2 
IF Y(=O THEN PR1NT"IMPACT WITH MOON!":BEEP:END 
TM=TMcT 
LOCATE 0 ; O  
REM Y t * S % * S S * S S * S * * Y Y * t t Y % Y S S S t t S Y  

SIMULATOR LISTING 



44 

56 
57 
58 
59 
60 
61 
62 
63 
44 
65 
66 
67 

&9 
70 
71 
72 
73 

68 

REM t SCREEN DATA OUTPUT * 
REM $ Y Y * Y t t S t S S l S S S t S * X X t * * S t * * * * *  
PRINT" MASS YPOS VELY VELX GRAVITY TIME" 
LOCATE 0,2: PRINTUSING"#####" j MF 
LOCATE&, 2: PRINTUSIN&"###. ##" ; Y/5280 
LOCATE12,2: PRINTUSING"#####"; VY 
LOCATE18,2:PRINTUSING"####";VX 
LOCATE26,2: PRINTUSING"#. ###"; G 
LOCATE35,2: PRINTUSING"###"; TM 
IF K=L GOT085 
GOTO 33 
REM t X t S Y S S S t S t S S S S S S t t t t * * * t * * * * *  
REM t INTIAL USER INPUT * 
REM S S S S S S X S S S S S Y t S t X * S S * * * t * t Y * S *  
GLS 
1NPUT"INITIAL THRUST (X)";P 
1NPUT"PRINTER OPTION (Y/N) 'I; ZZO 
IFZZ%< >"Y "THENL=1000: GOT076 
LPRINT" FMASS YPOS XPOS VELY VELX GRAVITY TIME 

THRUST ATTITUDE" 
74 LPRINT" (slugs) (miles) (miles) ( f t / s )  ( f t / s )  ( f t / s )  (set) 
( X I  (deg) ":PRINT 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
8b 
87 
88 
89 
90 
91 
92 
93 
94 
95 
9& 
97 
98 
99 

INPUT~TIME-BETWEEN DATA PTS. (SEC) i i ; ~  

CLS 
GOTO 33 
REM X t S t S S S * S t S f S t t S S S t t * t * t t * * * * *  
REM L SYSTEM ADJUSTMENT * 
REM S S t S X S t S X t t S t * S S S t t S t * * S * * * $ t *  
1NPUT"NEW THRUST (%) I';P 
1NPUT"ATTITUDE" j LL 
GOTO 38 
REM tSS*SSSttSSS~tSX*StSttSttttStS 
REM t PRINER OUTPUT * 
REM S S S S S t S X S S t S S S S S S t t t S S S S S S X S S 1  
K=O 
IF ZZB0"Y" GOTO 33 
LPRINT USING"#####,#";MF; 
LPRINT USING'' ###,#'I; Y/5280; 
LPRINT USING" ###. #'I j X/5280; 
LPRINT USING"#####. #";VY; 
LPRINT USING" #####. #" j VX; 
LPRINT USING" #. #" j 6; 
LPRINT USING" ###"; TM; 
LPRINT USING" ###" j P; 
LPRINT USING" ###"; LL 

- 

60T033 
END 

SIMULATOR LISTING 
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. .  
FMASS YPOS XFOS VELY 

( s l u g s )  (miles) (miles) ( f t / s )  

62l5. 5 
6131 . 1 
6046. 6 
5962,. 1 
5877.7 
5793.2 
5708.7 

. 5624.3 
5559 . 8 
5455.3 
5370.9 
5286.4 
5201.9 
51 17.5 
e W d . 0  
4948 . 5 
4864.0 
4779 . 6 
4695.1 
4610.6 
4526.2 
4441.7 
4357.2 

4188.3 

401% 4 
5934.9 
3850 . 4 
3766 . (3 
3681 . 5 
3597.0 
~ a ~ i . 6  
3428.1 

3LlJ9 . a 
3173.7. 
3159.9 
3159.9 
3140.9 
3126.1 
31 17. 7 
3096. 6 
3050.1 
3029 . 0 
3022 7 
3014.2 
2969 . 9 

4272. a 

4103.8 

- . e a  " 

3343.6 
-et= 

.- 
0.1 

, 0.3 
0.3 
0.9 
1.3 
1.8 
2.4 

. L e ?  

3.5 
4.1 
4.7 
5. s 
5.9 
6.5 
/.1 
7.7 
8.2 
8.8 
9.4 

10.0 
10. s 
11.1 
11.7 
12.3 
12.9 
13.5 

14.6 
15.2 
15.7 
16.2 
16.7 
17.2 
17.7 
18.1 
18.5 

19.2 
19.4 
19.5 
19.6 
19.7 
19.7 
19.7 
19.9 
19.9 
19.9 
20.0 

L) 

-. 

14. 1 

18.9 

.. 
0.0 

0.4 
, 0.8 

1.5 
2.3. 
3.4 
4.7 

. 6.3 
8.1 

10.2 
12.5 
15.1 
18.0 
21.1 
24.5 
28.2 
32.2 
36.4 
41.0 
45.8 
5Q.9 
56.3 
62.1 
68.1 
74.4 
81.0 
87.9 
95.2 

0.1 

102: a 
110.7 
119.0 
127.6 
136. 5 
145.7 
15s. 4 
165.4 
175.6 

196.0 
206.2 
216.5 
226.7 
236.9 
247.2 
257.4 
267.6 
2776 8 

18s. a 

80.4 
121 . 9 
164.2 
207.3 
249.4 
275.4 
296.8 
308.1 
314.5 
321 I 4  
518.2 
314.3 
311.0 
308 . 2 
335.3 
.A)4 . 2 
30s- 1 
502.5 
302. 5 
30%. 0 
304.2 
306.0 
308.4 
311.4 
315.1 
310.8 
301.5 
292.6 
284.3 
276.5 
~69 .3  
262.7 
256.6 
243.1 
222.2 
201 . 7 
181.5 
128. 0 
74.5 
64.7 
45.4 
11.4 
6.9 

61.6 
57.5 

-14.7 
-36.3 

0 -  

c) 

18.9 - 

VELX 
(f  t/s) 

0.6 
96.9 

194.6 . 
293.1 
594.0 
510.1 
630.5 
758.3 
890.1 

1023.1 
1161.7 

1443.7 

1730 . 9 
2023. 5 
2171.9 
2321.7 
2473. 0 
2625.7 
2780 0 

3093.2 
3252.2 
3415.5 

5750.9 
3921 . 3 
4093. s 
4267. b 
4443 . 6 
4621 . 5 
4803.3 
4988 . t3 
5176.5 
5366.4 
5400 . 4 
5400.4 . 
5400 . 4 
5400.4 
54Q0 . 4 
5400.4 
5400.4 
5400.4 
5400.4 
5400.4 
5400.4 

13Q2. 1 

1586.7 

1876. 5 

2935. a 

358" 7 A,. 4 

T 

GRAV I TY 
(f t / s )  

5.5 
5.5 
5.5 
5.5 
5. s 
5.5 
5.5 
5.5 
5. 3 
5.5 
5. s 
5.5 
5.5  
5.5 

5 .5  

5. s 
5.5 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
fi. 4 
5.4 
5; 4 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
9.4 
5.4 
3.4 
5.4 
5.3 

5.3 
5.3 
5.3 
5.3 

e c  4. lJ 

c c  
J. 4 

c 7  4.3 

c 7  
d . 3  

TIME 
(sec) 

10 
20 
so 
40 
50 
6 (3 
70 ' 

80 
90 
100 
110 
120 
1 so 
14Cl 
150 
16C) 
170 

190 
2(J(:t 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
AAIj 

540 
350 
360 
379 
380 
390 
4 m  
410 
420 
430 
440 
450 
460 
470 
480 

iao 

-- 

SIMULATOR OUTPUT 81 
LCTV SURFACE TO O R B I T  



i 1 

. I  ! 

1 

1 

i 

I 
I 
j 

- 1  

i 
. I  

1 

i 

I 
I 
I 

! 

i 

I I 

i 

I 

FMASS YFRS x w s  VELY VELX GRAVITY TIME . THRUST ATTIT 
(slugsf (miles) (miles) (ftfs) [ft/s) ( + t ' / s )  (sec) (%) . (dag 

2ss5. 5 
2801.1 
2716.6 

L447.7 
246s. 2 
2378 . 7 
2294.3 
2209.8 
2125.3 
2040.9 
1956.4 
1371.7 
1787. 5 
1705. 0 

1534.1 
1449. b 
1365.1 

1196.2 
1124.4 
110s. 3 
1082.2 
106 1 . 0 
1039.9 

9?7.7 
976.6 
9S.r P 

934.3 
913.2 

871 . 0 
844.9 
765.4 
725; 3 
710.2 
709.4 
708.6 
624.1 
617.9 
596'. 8 

2632.1 
-Is= 

1618.5 

1280.7 

1ois.a 

JJ. J 

asa, 1 

5134. i 
584. 1 
350.4 
5z4.7 
559. 5 
499.2 
493.1 
472.0 
457.3 
446.6 
426.8 

a- . .. . -  
20.0 10.1 -13.5 
19.9 19.8 -67.0 
19.8 29.2 -120.4 
19.5 38.1 -173.9 
19. 1 46.7 -227.5 
18.7 54.8. -207.9 
18.3 ' 62.6 -187.5 
18. 0 
17.6 
17.3 
17.0 
16.7 
16.4 
16.1 
15.8 
15. 5 
15.2 
15.0 
14.7 
14.4 
14.1 
13.7 
13.2 
12. 5 

11.0 
10.1 
9.2 
8.3 
7.3 
6.3 

4.4 
3.5 
2.7 
2.0 
1.8 
1.5 
1.2 
0.8 
0. b 
0.6 
0.5 
0.5 
0.4 
0.3 
0.s  
0 .2  
0.1 
0.1 
0.1 
0.1 
(3. (3 
0. 0 

11.8 

= 7  
4.3 

7 

70.0 -177.1 
77.0 -173.2 
e3.6 -16a.6 
89.7 -163.2 

ioo. a -154. a 
95.5 -153.8 

105.7 -155.0 
110.1 -159.4 
114.1 -153.1 
117.6 -151.0 
120.7 -14%. 1 
123.3 -144.3 
125.4 -139.6 
127. (3 -193.6 
n a . 2  -247.7 
129.1 -301.8 
129.8 -555.9 
130.4 -410.2 
130.9 -450.7 
131.3 -470.6 
131.5 -490.4 
131.7 -510.2 
131.7 -526.4 
131.7 -511.0 
131.7 -495,3 
131.7 -479.5 
131.7 -463.5 
131.7 -447.2 
131.7 -213.9 
131-7 -130.3 
131.7 -133.2 
151.7 -185.6 

131.7 3.8 
131 . 7 -29.6 
131.7 -9.7 
131.7 -19.8 
131.7 -75.2 
131.7 -9.2 
131.7 -8.1 
131.7 -48.3 

131.7 -23.0 
131.7 -1.1 
131.7 -9.9 
131.7 -18.6 
131.7 -0.6 

131.7 -23a.o 

151.7 .9.9 

=--I- dA49.2 
5035.9 
4850-1 
4621 . 7 
4410.7 
4209.8 
4006.3 
3796.7 
~ ~ 8 1 . 9  
3364.2 
5143.5 
2920. b 
2641.7 
2459 . 4 
2223. 8 
1984.7 

-= 

1742.0 
1495.6 
1243. 3 
991.2 

497.5 
429.6 
561.4 
293.0 
227.9 
168.1 
108.1 
47.8 
-6.5 
-5.3 
-4.1 
-2. s 
-1.6 
-0.4 
-0.4 
-0.9 
-0.4 
-0.4 
-0.4 
-0.4 
-0.4 
-0.4 
-0.4 
-0.4 
-0.4 
-13.4 
-0.4 
-0.4 
-0.4 . 

-0.4 
-0. 4 
-0.4 

726. 2 

-0.4 . 

5.3 
5. s 
5.3 
5.4 
5.'4 
5.4 
5.4 
5.4 
5. 4 
5.4 
5.4 
5.4 
5.4 
d. 4 
5.4 
5.  4 
5.4 
5.4 
5.4 
5.4 
5.4 
5. 4 
5.4 
5.4 
5.4 
4.4 
5.4 

5.5 - 
5.5 
5. 5 
5 .  5 
5.5 
5. 5 
5. s 
5 .  5 
5.5 
5. 5 
5.  5 
5.  5 
5.  5 
5.  5 
5.3 
5.5 
5.5 
5.5 
3.5 
5.  5 
5.5 
d. 5 

5.5 
5.5 
5.  5 

e 

c 

c e  
J. J 

c 
c e  
4 8 3  

1 0  
20 
30 
40. 
50 
60 
70 . 
80 
90 

100 
110 
120 
130 
140 
1 3 2  
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
510 
SA0 
550 
340 
350 ' 

360 
370 
380 
390 
400 
410 
420 
430 
440 
430 
460 
470 

4s (3 
500 
II1a 
520 
440 
540 

-c) 

4ao ~ 

c 

e-. 

SIMULATOR OUTPUT # 2  
LCTV ORBIT TO SURFACE 



6 17Q. 7 
6091.8 
5a32.8 
5665.9 
Jd79.4 
5495.0 
541O.S 
5326.1 
dk41.5 
5157.1 
5072. 7 
4908.2 
4903. 7 
4019.5 
4734. a 
4650.3 
4565.9 
4481.4 
4597. (3 
4312.5 
4225.0 
4143.6 
4059.1 
3974.6 
3890.2 
3805.7 
3721.2 
3636.8 

3467.8 

3298 . 9 
3214.4 
T ;.130.0 
3045.5 
2961 . 0 
2876.6 
2792.1 
2707. 6 

cc 

e- 

-e=- - 3Jcr .A  . 3 

3383. 4 

2623.2 
?I=- -~<88.7 
251:)O. 7 
25r:)t:). 7 
2498.6 
2456.3 
2414.1 
2571.9 
2529.6 
2314. (1 
2230.7 
2229 - 5  
2145.1 

(:) ' 3 
1 . (3 
2.12 
3 .  1 
4.2 

6 . 3  
7.4 

3.3 
1 (:I . 3 
11.3 
12.1 
12.7 
13.1 
13.3 
13.4 
13.5 
13.6 
15.7 
13.8 
13.9 
14.0 
14.1 
14.2 
14.3 
14.4 
14.5 
14.6 
14.7 
14.9 
15.0 
15.1 
15.2 
15.3 
15. s 
15.6 
15.8 
15.9 
16.3 
17.1 
18.2 

19.2 
19.4 
19. 5 
19.7 
19.8 
19.9 
26.0 
20 . t:) 
20.1 

- 
e -  
J. .> 

a. 4 

18.9 

FMASS YPGS 
( s l u g s )  (miles) 

XPOS 
(milee) 

(:I . (:I 
0.5 
1.8 
4 . (:I 
6.9 

1 (:) * 2 
13.9 
18.0 
22.5 
27.4 
52.8 
38.5 
44.8 
51.6 
59.0 
66.9 
75. 4 
84.3 
93.7 

103.5 
113.9 
124.8 
136.1 
148.0 
160.3 
175.2 

200.6 
215.2 
230.3 
245.9 
262.2 
279.0 
296.5 
314.5 
333.2 
352. 5 
4 / L . 4 
392.9 
413.6 
434.2 
454.9 
475.5 
496.2 
516.8 
537.5 
558.1 
578.8 
599.4 
t20. 1 
64Q. 7 
6bl. 4 

186.7 

T79 

VELY 
!f t i s )  

137.5 
222.2 
287.7 
sat:, . 2 
282.5 
275.9 
270.4 
266.1 
262.9 
260.9 
260.1 
243.5 
188.2 
133. b 
79.5 
26.1 
27.6 
24.5 
22.4 
21.4 
21.5 
22.7 
25. 1 
28.7 
28.8 
27.5 
27.4 
28.5 
30.8 
54.4 
34.0 
34.9 
32.3 
so. 1 
29.2 
29.6 
60.7 
i7 .  5 
54.3 

155.3 
259.1 
247.7 
140.5 
38.8 
39.1 
40. 1 
41.? 
44.5 

-21 . a 

-13.9 
103.9 

-- - 
3 j . 3  

VEL X 
(*f  t/s) 

38.7 
234.1 
451.9 
699. 5 
025.0 
928.3 

1(]32 . 6 
1243.9 
1351.0 
1459.1 
1579.1 
1725.4 
1073.2 
2i:Q2. 4 
2 173. t:> 

2291 a 7 
2416.9 
2543.4 
2671.1 
2000. 1 
2930.5 
3062.2 
3195.2 
x3293. 5 
3475 . 2 
3618.4 
3765.2 
39(:)9 . 6 
4057 . 7 
4211.3 
4366. 6 
4526.9 
4689 . 7 
4854.5 
5021 . 0 
5lb5.8 
~.:i42. 7 
5451.5 
5451.5 
5451.5 
5451.5 
5451 . 5 
4441 . S 
5451.5 
5451 5 
5451 . 5 
5451. 5 
5451.5 
5451.5 
5451.5 
5451.5 

i 137. a 

9-9 

e- 

C F Z  

GRAV I TY 
( f  t / s i  

5.5 
5.5 
5.5 
4. 5 
5. 5 
J. s 
J. 5 
5 .5  
5.5 

5.4 
5.4 
5.4 
4.4 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
5. 4 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
J. 4 
J. 4 
5.4 
5.4 
5.4 
4.4 
d. 5 
5.3 
5.3 
5.3 
d. 3 

e 

c 

c 

= e  
J. 4 

c 

e 

r 

c 
r 

E 

e -  
J. 3 

SIMULATOR OUTPUT # 3  
LCTV P-3QRT TO O R 3 I T  



FMASS YPOS 
( s l u g s )  (miles) 

6166.1 
5997.1 

5745.7 
5659.3 
4474. a 
SS1l.S 
5480.3 
5480. 0 
5486. o 
5480.0 
5475.8 
4491.3 
5506.9 
41LLL. 4 
5130.0 
5053 . 5 
4969.0 
49Q9. 9 
4850.8 
4772.6 
4730.4 
4688.2 
4618.5 
4553.0 
4493.9 
4424 . 2 
4382.0 
4308.1 
4251.1 
4196.2 

582s . 2 
I=c 

f=- 

cqm.7 

. T  
(-1. 4 

1.1 
2.2 

- 3.4 
4.5 
4.5 
6.4 
7.1 
7.4 
7.3 
6.7 
5.8 
4.7 
3.8 
3.1 
2.5 
2.0 
1.0 
1.6 
1.4 
1.2 
1.1 
0.9 
0.6 
0.4 
0.2 
0.2 
0.1 
0.0 
0.0 
0.0 

c 

XPOS VELY 
(mi 1 ~ s )  (f t/s) 

0.0 161.1 
0.3 249.8 
1.4 320.0 
3.0 307.6 
4.1 284.7 
4.9 251.9 
3.2 211.1 
4.2 152.7 
4.2 24.7 
5.2 -84.7 
5.2 -194.2 
3.2 -296.5 
5.2 -258.6 
5.2 -219.6 
5.2 -179.3 
5.2 -137.9 
5.2 -95.1 
&.& -51.0 
5.2 -52.5 
4.2 -53.3 
5.2 -17.7 
5.2 -48.7 
J.2 -79.4 
5.2 -57.4 
5.2 -42.4 
5.2 -38.9 
5.2 -13.9 
5.2 -41.9 
5.2 -6.8 
5.2 -4.1 
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SIMULATOR OUTPUT#Q 
LCTV ABORT TO SURFACE 
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COST ANALYSIS 

Design and Development 

I Structure 
1. System layout 
2, Finite element analysis of structural panels 
3. Manufacturing 

a. Material 
b. Machining of panels 
E. Assembly of panels and beams 

11 Propulsion and Power System 
1. 

2. 

3. 

4. 

5. 

30,000 lb. LH/LOX Rocket Engines 
a. Design 
b. Testing 
c . Manufacturing 
a. Apllication of system to LCTV 
b. Manufacturing 
Hydraulic actuators 
a. Design 
b. Manuf aeturing 

a, Selection and purchasing 

a. Lines 
b. Valve assemblies 
E. Pressure fittings 
d, Insulation 
e. Mounting hardware 
f. Assembly 

RCS system 

Fuel cells 

Fuel delivery system (a1 1 purchasing costs) 

I11 MPS and RCS Tanks 
1. Elastomer bladders 
2. Testing 
3. Manufacturing 

IV Payload and Payload Exchange System 
1. Pallet 

a, Purchasing 
b. Development of modi+ications 
E. Implementation of modifications 
d. Testing 

a. Design 
b, Manufacturing 

a. Development 
b. Testing 
c- Manufacturing 

2. Containers 

3. Payload Exchange and Refueling Unit 



V Landing Gear 
1. Market survey 
2. Application adaptation 
3. Testing 
4. Manufacturing 

VI Control System 
1. 

2. 

3. 

4. 

5. 

Main mission controller 
a. Hardware 
b. Software 
e. System integration and testing 

a. Hardware 
b. So+tware 
c. System integration and testing 
Communications 
a. Hardware 
b. Software 
c. System integration and testing 

a- Hardware 
b. Software 
c. System integration and testing 

a. Hardware 
b. So+tware 
c.  System integration and testing 

Navigation/Guidance system 

Main propulsion controller 

Payload Handling Contrcrllear 

Operational 
I 

I Structure 
1. No routine maintanence 

I1 Propul si on and Power System 
1. Required evwy flight 

a. He1 ium pressurant 
b. RCS and MPS system inspection 
E. Fuel and oxidizor 

a. Vornior thruster replacement (approx. every 20 

b. Primary thruster replacement (approx. every 100 
flights) 

c. MPS component replacement (as required) 
d. Hydraulic System fluid replacement (as required) 

2. Maintanence 

f 1 ights) 

111 Main Propulsion System Tanks 
1. Elastomer bladders replacement (approx every 100 

f 1 i ghts) 
2. Repair of tanks 



XU Payload and Payload Exchange System 

a, Hydraulic system 
b. Gears and motor 
c. Bearings 
d. Docking locks 
e, Refueling nozzles 

1. Maintanence as required 

V Landing Gear 
1. Mai ntanence 
2. Replacement (as required) 

VI Control System 
1, 

2. 

3. 

4. 

S. 

Main mi ssi on control 1 er 
a. Software updates 
b. Hardware maintanence 
Navigation/Guidance system 
a. Software updates 
b. Hardware maintanence 

a. Software updates 
b. Hardware maintanence 
Main propulsion controller 
a. Software updates 
b. Hardware maintanence 
Payload hand1 inq controller 
a. So+tware updates 
b. Hardware maintanence 

Communications 
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FUTURE DEVELOPMENTS 

An additional use for the LCTV could be as a transport vehicle between 
lunar bases. Using the current design, the LCTV would have a very 
limited range, roughly 75 miles (120.75 km). Calculations indicate 
that if the present MPS engines were replaced with 15,000 lbf (66,750N) 
engines, the fuel/oxidizer tanks downsized, and the payload exchange 
unit removed, the LCTV could be used as a transort between lunar bases. 

Main Propulsion System 

In order for the LCTV to be economical, one of two things must occur. 
Either lunar production of both fuel and oxidizer must become possible 
or a new engine technology must be developed. Liquid chemical rockets 
are to the pointin their design that any changes in them will only result 
in a very small improvement in efficiency. Therefore, a new type of 
engine must be developed. The best choice for the new technology would 
be nuclear rockets, but the social and political attitudes toward these 
engines must improve before they can be developed. 

Propellant Tanks 

At the present time, the large fuel tanks are proven to be structurally 
sound, relatively light weight, and easy to manufacture from aluminum 
alloys. The future developments on these tanks will be limited to 
optimization of present designs. The polymer bladders may be improved 
by using new compounds to prolong their life while in contact with the 
propellants. The use of fiber glass tanks with aluminum liners is possible 
if their inherent problems with extremely low temperatures can be solved. 

Payload and Payload Exchange 

In order to optimize the efficiency of the LCTV and OTV, two studies should 
be done. These are to decide if a refueling and docking statim should be 
located in orbit and if it is more economical for the OTV to carry the 
Payload Exchange Refueling Unit. With these two studies, an optimum mode 
of payload transfer can be chosen. 

Other improvements would be to make the PERU a structure instead of machined 
out of aluminum stock. This was not taken into consideration in the eariier 
section on the PERU because the weight of the present PERU is small compared 
to the entire LCTV. It should be decided if this savings of weight is worth 
the added cost of development. 

The six hydraulic cylinders used to latch the cargo will be costly to mantain, 
therefore another method of latching should be developed. 

4 3  



Con t r o 1 s 

The major change in controls will be keeping all the systems up to date with 
the state of the art. As computers get smaller, faster, and cheaper, better 
control systems can be designed to optimize the flight and save fuel. Alse 
these newer systems will weigh less and take up less room, allowing for more 
redundancies. Also it may be possible to incorporate artificial intelligence 
into the MMC so that after each flight, the MMC will be able to remember any 
changes in the flight it had to make and use these changes for the next flight. 
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Title: 
The Desiqn and Implementation of a Lunar Surface to Lunar Orbit 
Cargo Transport Space Vehicle 

Propulsion: 
Three basic forms of propulsive systems were studied for u5e an 
the space vehicle. Electric rockets, including ion rockets and MPD 
thrusters, had the advantaqes of long life, low fuel consumption, 
and a high specific impulse. There were decided disadvantages 
though, due to low thrust force, high weight, low accelerations, 
and system complications. Nuclear roekets had good thrust force, 
good acceleration, and low .Fuel consumption, but w e r e  hurt b y  
radiation problems, complicated contra1 systems, and present 
technological development. Finally, liquid chemical rockets have 
high thrust, high acceleration, proven control systems and 
technoloqy. Problems with these rockets were due to high fuel 
consumption, explosion problems, and low specific impulse. 
Analysis of this data led to the conclusion that with present 
technology the only viable alternative was the u5e o+ liquid 
chemical rockets. Further analysis o+ these rockets was then 
begun. 

Contr ol s : 
After reviewing the proposed latchinq mechanisms, investigation of 
systems to line up the carqo package with the landing vehicle 
while in orbit was begun. Various systems were investigated 
including using lasers, microwaves, or vision systems, Initial 
lining up of the vehicles will most likely be accomplished by 
microwave radar systems with possibly another system taking over 
as the vehicles near each other. 

Structures/Mechanisms 
Various methods of latching onto and releasing the carqo package 
in space were discussed. The design of the carge configuration was 
finalized as separate pods attached to a platform which kept are 
together throuqhout the entire process. Some members began 
training on the IBM CADAM graphics system. 
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iX31G'TRULEj- Cunt inued i n v e s t i g a t i o n  o f  c o n t r o l  s v z i t e m s  o f  v a r i m i s  
a e r o s p a c e  v e h i c l e s 7  i n c l u d i n g  t h e  E-1 Bomber and t h e  Lunar 
Lander-. Divided c o n t r o l  s y s t e m s  i n t o  f i v e  b a s i c  u n i t s :  
p r o p u l s i o n ,  n a v i g a t i o n ,  test and error r e c o v e r y ,  p o w e r  g e n e r a t i a n  
system, and c a r g o  hand l ing .  Each sys t em w i l l  have it 's own 
mic roprocesso r  t i e d  i n t o  a main c o n t r o l  sys t em th rough  a s i n g l e  
w i r e  emux-system. The main c o n t r o l  system w i l l  c o n s i s t  of 3 or 5 
d i f f e r e n t  computers;:. e a c h  r u n n i n g  t h e  s a m e  program, far c o n s t a n t  
el-I-01- checking ,  a5 used  on t h e  s h u t t l e .  

STRUCTURES- I n v e s t i g a t e d  methods of a t t a c h i n g  r o c k e t  e n g i n e s  t u  
a e r o s p a c e  s t r u c t u r e s .  A f t e r  c o n s i d e r i n g  v a r i o u s  m e t h o d s  o f  
un load ing  and r e t r i e v i n g  c a r g o ?  a r r i v e d  a t  p r e l i m i n a r y  concep t  of 
a l u n a r  o r b i t i n g  s t a t i o n .  T h i s  s t a t i o n  w a u l d  b e  a r e f u e l i n g  p o i n t  
f o r  ou r  l a n d e r  and a c a r g o  mooring. While t h e  s t a t i o n  r e q u i r e s  
t h e  a d d i t i o n  o f  a s t r u c t u r e  and a n o t h e r  c o n t r o l  sys tem,  t h e  

a d v a n t a g e s  are  a s  fo l lows :  
a d v a n t a g e s  of t h i s  c o n c e p t  may out-weigh t h i s  d i s a d v a n t a g e .  "f h r 

1) Less f u e l  consumption because  f u e l  is n o t  c a r r i e d  t n  t h e  

2) One p o i n t  where  o u r  l a n d e r  c a n  be r e f u e l e d  and d rop  o f f  

3) One p o i n t  where t h e  O.T.V. c an  d r o p  o f f  f u e l  and c a r g o  

4) Attachment of our l a n d e r  and t h e  c a r g o  package can  be 
handled  m e c h a n i c a l l y  by t h e  f u e l  s t a t i m  +or a more 

moon as payload.  

and retrieve ca rgo .  

and retrieve cargo .  

re1 i a b l e ,  
5 )  O.T.V. and 

ORE{ I TAL_ 
f u r n i s h e d  by NASAl 
code. 

M_ECHAN I CS- 

safe and d i r e c t  l i n k a g e .  
Lander d o  n o t  have  t o  m e e t  a t  t h e  same t i m e .  

C u r r e n t l y  c o n v e r t i n g  Astrodynamics program, 
from HP-65 machine code t o  HP-41CICX machine 

FFKJF'ULSIaPJ SYST&Ej- C u r r e n t l y  i n v e s t i g a t i n g  f i v e  e n g i n e  c l u s t e r  
assembly. Cen te r  e n g i n e  is f i x e d  and f o u r  s u r r o u n d i n g  e n g i n e s  are  
j i m b l e d .  R e s e a r c h  f o r  a r o c k e t  e n g i n e  .from e x i s t i n g  t echno lngy  i.5 
i n  p r o g r e s s .  
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Feb. 17, 1986 

Cont ro l s :  
W e  have  begun i n v e s t i q a t i o n  of gu idance  and n a v i g a t i o n  systems. 
S i n c e  t o t a l  f l i g h t  t i m e  w i l l  b e  less t h a n  10 minutes ,  an i n t e r n a l  
q u i d a n c e  system w i l l  b e  used t o  p l a c e  t h e  v e h i c l e  i n  o r b i t .  The 
g u i d a n c e  computer w i l l  b e  pre-loaded w i t h  t h e  m i s s i o n  prof i le  
program which w i l l  describe t h e  f l i g h t  n e c e s s a r y  t o  o b t a i n  o rb i t .  
Once i n  t h e  v i c i n i t y  o# t h e  OTV, a laser t r a c k i n q  system w i l l  b e  
used  t o  d o c k  t h e  v e h i c l e s .  Several EE p r o 4 e s s o r s  have  i n f o r m a t i o n  
on t h e s e  laser t r a c k i n g  systems. 

Payload: 
W e  are pe r fo rming  stress a n a l y s i s  on t h e  Payload  Exchange U n i t  t o  
d e t e r m i n e  d imens ions  and exchange  t i m e .  I n  a d d i t i o n  w e  are 
i n v e s t i g a t i n g  methods of a r m  l a t c h i n g  o n t o  t h e  p a l l e t .  We are also 
p r e s e n t l y  s k e t c h i n g  i l l u s t r a t i o n s  t o  e x p l a i n  t h e  payload  exchange  
p rocess .  

P ropu l s ion :  
F i n a l  d e s i g n  c o n s i d e r a t i o n s  w e r e  made on t h e  main p r o p u l s i o n  
e n g i  nes. 

N u m b e r  o# engines :  4 
Type of engine:  H y p o t h e t i c a l  e n g i n e  based on t e c h n o l o g y  

T h r u s t  p e r  engine:  30,000 lb .  
Fue l  : Li q u i  d Hydrogen 
Oxid izer :  L i q u i d  Oxygen 

developed  by P r a t t  and Whitney. 

A d d i t i o n a l l y  # i n a l  a n a l y s i s  w a s  begun on t h e  gimbal  l i n e a r  
a c t u a t o r  a t t i t u d e  c o n t r o l  system. The Space  S h u t t l e  r e a c t i o n  
c o n t r o l  sys t em w a s  chosen  as t h e  b a s i s  for  c o n t r o l  r o c k e t s .  

begun . - I n i t i a l  i n v e s t i g a t i o n  o# f u e l  cells t o  p r o v i d e  onboard power w . 3 ~  

Fuel  Tanks: 
The p r e l i m i n a r y  d e s i g n  of t h e  t a n k s ,  g i v e n  t h e  amount of f u e l  
needed f o r  a m i s s i o n  and t h e  basic s t r u c t u r e  of t h e  v e h i c l e ,  shows 
t h a t  c y l i n d r i c a l  t a n k s  w i l l  be used. The t a n k s  (2 far  hydrogen and 
1 f o r  oxygen) w i l l  have  to b e  cooled t o  keep t h e  f u e l  f r o m  
b o i l i n g .  I n  a d d i t i o n ,  2 s m a l l  s p h e r i c a l  t a n k s  w i l l  b e  used t o  
house t h e  f u e l s  for  t h e  c o n t r o l  r o c k e t s .  

S t r u c t u r e s  : 
Now t h a t  t h e  o t h e r  s y s t e m s  d e s i g n  h a s  b e e n  f i n a l i z e d ,  the 
s t r u c t u r e  can  b e g i n  t o  b e  developed  t o  house  and  s u p p o r t  the other  
systems.  A f t e r  s c a n n i n g  through a e r o s p a c e  s t r u c t u r e s  books i n  t h e  
l i b r a r y ,  w e  deve loped  a c o n c e p t  of a s t r u c t u r e  t h a t  is shaped l i k e  
an  e l o n g a t e d ,  i n v e r t e d ,  t r u n c a t e d  pyramid. 
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Propulsian: 
The final specifications for all primary equipment have b e e n  
completed. The flight simulation proqram has provided su+f icient 
data to calculate fuel and oxidizer requirements. Information from 
the structural enqineer has allowed a choice o+ control thruster 
systems and required fuel loads. this system has been closely 
modeled after the Space Shuttle system. the gimbal actuator 
system, using hydraulically operated pistons, has been specified. 
Final quantities of electric fuel cells will be specified as soan  
as power loads are available. The computer simulation will be used 
to demonstrate abort-to-orbit, abort-to-surface and surface-to- 
surface flights. 

Pay1 odd : 
Finalizing drawings for payload exchanqe unit and will attempt to 
put them on CADAM. Finishinq illustrative drawings and prcpainq to 
begin written report. Also devisinq method of latching payload 
exchanqe unit arm to pallet. 

Control s: 
Finalized system and sub-system control speci#ications. Using 
information from the propulsion enqineer and the computer 
simulation, started defininq fliqht dynamics and how each portion 
of the flight will be controlled, including how to recover from 
various failures. Also started searching #or commercial 
sub-systems that could be used in the vehicle. 



LCTV 
Group 13 
March 3, 1986 

All the final design variables have been set, Final rough drafts 
of report sections were submitted for committee review. Critical 
analysis w a s  per+ormed on all the papers. All drawings are in - -  

some stage o-f develapment. By the end o-f next week, all drafts 
and drawings are to be completed- 

List of proposed drawings: 

Main Propulsion System Engine Schematic 
Main Propulsion System Piping Schematic 
Structural Drawinqs 
Fuel System Tank Drawings 
Control System Schematics 
Payload Exchange System DrawinQs 
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LCTV 
Group 1.3 
March 10, 1986 

A11 final drafts and drawings have been completed. A final grouE 
meetinq w a s  held to perform a final critical analysis of the 
report. All parts of the report were compiled and copies are 
being made for all members 0.F the qroup as well as the copy to be 
submitted. 

One spokesman was chosen to deliver the presentation on March 11, 
1986. 
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